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軸性キラリティーを有する骨格は BINOL や BINAP をはじめとする多種多様な不斉
触媒が報告されている 1)。それと比べて、キラルなスピロ化合物の不斉反応への応用


























ロ骨格を併せ持つ、スピロビスイソオキサゾリン配位子 (Spiro Bis(isoxazoline) 
Ligands; SPRIXs) の開発に成功している 3)。 
SPRIXs は二価のパラジウムと特に良い親和性を示し、酸化的条件で極めて安定で
ある。例えば、アルケニルアルコールの触媒的不斉 Wacker 型環化反応へ Pd(II)-
SPRIX 錯体を適用し、Wacker 型環化体，とともに二環式化合物を単一のジアステレ
オマーとして最高 95% ee にて得ることができる 3b) (Scheme 1-1)。SPRIXs は
Pd(0/II)触媒サイクルを経る反応だけでなく、Pd(II/IV)触媒サイクルを経る反応にも
適用でき、Pd(II)-i-Pr-SPRIX 触媒をエニンの環化反応に適用し、Pd(II/IV)触媒サイク
















て合成の煩雑さが挙げられる。例えば SPRIX の場合、Scheme 1-3 のようにマロン酸





Scheme 1-1. Pd-SPRIX を用いる触媒的不斉 Wacker 型環化反応 
Scheme 1-2. Pd-SPRIX を用いるエニンの触媒的不斉環化反応 













Scheme 1-4 に示す、2000 年に Katz らは初めてキラルヘリセン化合物を不斉触媒へと
応用した。彼らは、[5] HELOL (8)を配位子として用いる、ジエチル亜鉛のベンズアル
デヒドへの付加反応を行い、生成物 7 を 93%収率、81% ee にて得ている 5)。 
その他にも Figure 1-2 のように Takenaka (University of Miami)らは 9 を不斉有機





















Scheme1-5 に示すように田中らは、テトライン 12 の金触媒を用いた環化反応により目
的の環化体 13 を最高 60%、99%ee 以上で得ており、その後の変換によりヘリセン 14
を得ている 9)。また Scheme1-6 に示すように List らは、ヒドラジン 15 とケトン 16 の
3,3-シグマトロピー転位を、キラルリン酸 17 を用いて行い環化体 18 を得、その後の酸






































































Scheme 1-5. 田中らによるヘリセン 14 の触媒的不斉合成 
Scheme 1-6. List らによるヘリセン 19 の有機分子触媒による不斉合成 
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によって安定な芳香族化合物である 1,2,3-トリアゾールが得られる (Scheme 1- 7)。こ
の論文で彼らは、フェニルアジドとアルキンをトルエン中、加熱還流することで、対応
する 1,2,3-トリアゾールを良い収率で得ている。アルキンの電子的、立体的要因に関係
なく生成物を得ているものの、どちらの場合も 1,5-二置換 1,2,3-トリアゾール 20と 1,4-






















Scheme 1-7. Huisgen 反応 







 2002 年に Finn、Sharpless らは 1,2,3-トリアゾール部位をリンカーとして用いた、
AChE (アセチルコリンエステラーゼ) 阻害活性剤の開発を、彼らが開発した In situ ク

















 こうして得られた AChE 阻害活性剤 24 や 25 は、キラルな分子であることや 1,2,3-
トリアゾール環の形成様式（1,4-置換体＝anti, 1,5-置換体＝syn）の組み合わせにより
4 つずつ異性体が存在する（Scheme 1-9）。それらの解離定数（Kd）を求めた結果、
どちらの場合も Syn 体の方が Anti 体よりも高い阻害活性剤を有していること、また
どちらのエナンチオマーの場合も同等に AChE を阻害することがわかった。 
  
Figure 1-3. In situ クリックケミストリー 








13)。2003 年に Fokin、Sharpless、Finn らは、ウイルス表面の色素分子による修飾を
Huisgen 反応によって行った 14) (Scheme 1-10)。彼らは Cowpea mosaic virus 
(CPMV) の表面のリジンやシステイン残基をアジドやアルキンで修飾し、それらとア































Scheme 1-10. CPMV 表面の修飾 
26  +  29 
26 27 28 
27  +  30 29 
30 
31 
Table 1-1.ウイルスアジド / アルキン 26-28と Dye-アルキン 29 とDye-
アジド 30 の[3 + 2]環化付加反応 e 
a Replacing virus 26 with 28 gave identical results within experimental 
error for all reactions.b  Number of dye molecules attached per virion 
(percentage); average of three independent reactions, error range is 
±10% of the reported value (for example, 60 ± 6 or 10 ± 1 dyes per 
particle).c Overall recovery of derivatized virus; error is ±5%.d pH 
7.0.e 26−28 at 2.0 mg/mL (360 nM in virus particles, 21.4 µM in viral 
protein and reactive groups); 29 at 2.5 mM, 117 equiv); 30 at 5.0 mM, 
234 equiv; reactions in pH 8.0 potassium phosphate buffer containing 




年に Chung らは、初めて Huisgen 反応を利用した Calixarene 型化学センサーの開発
を行った 15)。彼らはアントラセンユニットと Calixarene ユニットを Huisgen 反応に
よって結合し、Calixarene 部位の上側に位置するクラウンエーテル部位と、下側に位
置するアントラセン部位の二か所金属イオン配位部を有する 32 を合成した。32 はア






















例えば、1,2,3-トリアゾールが N－アルキル化された 1,2,3-トリアゾリウム塩 34
が、含窒素複素環カルベン (N－Heterocyclic Carbene; NHC) 前駆体として働くこと
が近年明らかになっており、金属触媒の配位子として働くことが 2008 年に Albrecht
らによって報告されている 16) (Scheme 1-11)。1,2,3-トリアゾール 33 の N－メチル化
をヨードメタンによって行いほぼ定量的に
34 を得、34 と酢酸パラジウムを DMSO 中
で反応させることで、C－H 結合活性化反応
により中程度の収率で、1,2,3-トリアゾール




NHC はアブノーマル NHC と呼ばれ、片
側しかヘテロ原子が存在しない。このた
め、アブノーマル NHC は通常の NHC よ
りも不安定であり、金属原子と強く配位す
る。Figure 1-4 に示すように実際に彼らが 35b の X 線結
晶構造解析を行った結果、赤色で示している Pd－C 結合
長が 1.967Åとなっており、下に示したイミダゾリウム塩
由来の NHC 配位子 36 17)の場合（1.990(9)Å）と比べて短くなっている特徴がある。 
 
  
Scheme 1-11. 1,2,3-トリアゾール型 NHC 配
位子を有する錯体 35 の合成 
Figure 1-4. 35b の X 線結晶構造 
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 また 2010 年に Bertrand らによって、比較的安定な 1,2,3-トリアゾール-5-イリデン
38 が単離され、X 線結晶構造解析により構造が明らかとなっている 18) (Scheme 1-
12)。彼らは 1,2,3-トリアゾール上にかさ高い Dipp 基を有する 1,2,3-トリアゾリウム
塩 37 に強塩基 KHMDS を作用させ、赤色の酸性プロトンを脱プロトン化することで
NHC38 を 55%収率で合成した。38 の構造は 1H NMR スペクトル上でトリアゾリウ
ム上の CH シグナルが消失したことや、X 線結晶構造解析を行った結果から決定され
た。Figure 1-5 に示す X 線結晶構造解析の結果、固体状態において平面状のヘテロ環
を有しており、また各々の結合長が単結合と二重結合の中間の値であることがわか
り、これらはどちらも環電子の非局在化を示唆している。C5 炭素原子周りの結合角に
関しても、37 は 106°, 38 は 100°となっており、これは前駆体 37 の C－H 結合軌

















Figure 1-5. 37 と 38 の X 線結晶構造  
結合の長さ[Å]と角度[°]   
37: N1–N2 1.3208(16), N2–N3 1.3183(16), N3–
C4 1.3559(17), C4–C5 1.3647(19), C5–N1 
1.3446(17); N1-C5-C4 105.85(12).  
38: N1–N2 1.3439(12), N2–N3 1.3216(13), N3–
C4 1.3682(13), C4–C5 1.4053(14), C5–N1 
1.3662(13); N1-C5-C4 99.70(8). 













水素結合構造は 1H NMR によっても示唆さ
れており（Figure 1-7）、様々なカウンター































Figure 1-7. 39BF4, 39Br, 39Cl, 39OAc の 
1H NMR スペクトル（CD2Cl2 (0.01 M), 293 K）   




Liebscher らは初めて 1,2,3-トリアゾリウム塩型イオン性液体を合成している 20)。
Scheme 1-14 に示すように、彼











































42 43 44 
 
Figure 1-8. 1,2,3-トリアゾリウム型イオン性液体の例 








第一節 キラルスピロ 1,2,3-トリアゾール (spiro[4.4]nonane 体)のラセミ体合成 
 








スピロトリアゾール 45 は、既知化合物である 48 から三段階で合成できると考えた。
すなわち、48 のヒドロキシ基を脱離基に変換することで 47 を得たのち、NaN3等のア
ジド化剤を作用させると 46 が得られる。そして最後に、分子内に二つずつアジド基と
三重結合を持つ 46 を基質とする、分子内ダブル Huisgen 反応によって一度に二つのト
リアゾール環を構築できると考えた。 









等の副反応が予想される。そこで、ヒドロキシ基の TBS 基による保護を行った 
(Scheme 2-2)。DMF 中において、ジオール 48a を imidazole と TBSCl と反応させて、


















49a のアルキン末端のアルキル修飾は、アルキン末端を BuLi でリチオ化した後、ヨ
ウ化アルキルを作用させることで行った (Scheme 2-3)。目的化合物 49 と残渣は低極性
であり、シリカゲルカラムで単離することが困難であった。そこで、ルイス酸として三
フッ化ホウ素ジエチルエーテル錯塩を用いて TBS 基を除去した後、得られたジオール









本反応においては 49a の転換率は高く、TBS 保護体である 49h, i を良い収率で与えた









Scheme 2-3. アルキン末端がアルキル化されたジオール 48 の合成 




よりアルキン末端部位に 2-ナフチル基の導入を試みたところ、目的物 48j が 98%収率
で得られた(Scheme 2-5)。 





















2-7 に示すようにヒドロキシ基の臭素化を行おうと考え、1~2 当量の三臭化リンと 48a
を CHCl3中、室温で撹拌する Condition 1 や、三臭化リンと基質をトルエン中で還流
する条件である Condition 2 を検討したところ、複雑な混合物を与えるのみであっ
た。反応系中で発生する臭化水素酸が副反応の原因と考え、四臭化炭素とトリフェニ







Scheme 2-6. ジオール 48a の直接ジアジドへの変換 
Scheme 2-7. ジオールのジブロモ化 
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 Scheme 2-8 のように 51a と比べてより簡便に合成可能なジメシラート 52aを合成し
アジド化を行ったところ、モノアジド化体 53a が少量ではあるものの得られた 24)。こ
の結果はメシラートの脱離能が低いために基質の転換率が上がらなかったと考え、52a
よりも反応性の高いジトリフラート 54a を合成しアジド化させたところ、短時間、かつ













 以上に結果からジアジド 46 を合成する前駆体として、ジトリフラート 54 が適切で





































































 本トリフラート化条件を、アルキン末端修飾ジオール 48 にも適用した(Table 2-1)。
結果としては、アルキン末端がアルキル基、アリール基どちらで修飾されていても目的
物をおおむね良い収率で得ることができた。Entries 3, 4 and 7 の場合には収率が著し
く低下している。これらの場合には反応の後処理後に、後処理前にはなかった Rf 値の
近い副生成物が TLC 上で見られた。後処理に用いた 1N HClaq 存在下でジトリフラー



































ジトリフラート 54 を基質に用いてアジド化反応を行った結果を示す (Table 2-2)。ア
ルキン末端の置換基がアルキル基の場合もアリール基の場合でも良い収率で対応する
ジアジド 46 を与えた。特に、アリール基で置換された基質の場合は速やか、かつほぼ






NaN3 (5.0 or 10.0 eq.)
DMF, 80°C
30~60 min. N3 N3
R1 R2
46









































aUsed to next step without purification




















 ジアジド 46 の分子内ダブル Huisgen 反応による、スピロビス 1,2,3-トリアゾール
(spiro[4.4]nonane 体) 45 の合成を行った (Table 2-3)。アルキン末端の置換基がアル
キル基の場合もアリール基の場合でも良い収率で対応するスピロトリアゾール 45 を与
えた。アルキン末端に置換基がある場合には、無置換の場合に比べて多少時間がかか
ったものの、良い収率であった。Entries 3, 4 and 8 の場合には混合物を基質として用
い、ジオール 48 から三段階で 75％と 56％で 45 を得 (Entries 3 and 4)、もしくはジ
トリフラート 54 から二段階で定量的に 45 を得た (Entry 8)。 
  
Table 2-3. ジアジドのスピロビス 1,2,3-トリアゾールへの変換 
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Huisgen 反応による初の不斉導入は、2005 年に Fokin、Finn らによって報告され
ている 25)。彼らは、ジェミナルジアジド 55 のキラル銅触媒を用いたヒュスゲン反応
による非対称化と続く速度論分割により、目的物のキラル 1,2,3-トリアゾール 56 を最





























Scheme 2-9. Fokin, Finn らによる Huisgen 反応による初の不斉導入例 






























































































Without Ligand and CuI
quant
Solvent
70 °C, 96 h






Figure 2-1. 分子内ダブル Huisgen 反応における不斉導入検討 
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え、非対称型スピロ 1,2,3-トリアゾールの合成を検討した (Scheme 2-11)。 
非対称型スピロ 1,2,3-トリアゾール 45 は、対称型スピロ 1,2,3-トリアゾールと同様
にルートで合成可能であると考えた。すなわち、スピロ 1,2,3-トリアゾール 45 はジア
ジド 46 の分子内ダブル Huisgen 反応で合成できると考え、46 はジトリフラート 54




























Scheme 2-11. 非対称型スピロ 1,2,3-トリアゾール 45 の合成計画 

















































Scheme 2-13. モノアリール化ジオール 48 の合成計画 
Scheme 2-14. モノアリール化ジオール 48 の合成 
27 
 
ジオール 48 のジトリフラート化、続くジアジド 46 の合成は対称体 46a~j 合成と同
様に行った (Scheme 2-15)。ジオール 48 のジトリフラート 54 への変換は、おおむね
良い収率で進行したものの、ベンゼン環上にメチル基がある 54k や 54l の場合には収
率が著しく低下した。48k や 48l を基質として用いた場合、反応の後処理後に処理前に
はなかった目的物 54k や 54l と Rf 値の近い副生成物が TLC 上で見られた。後処理に
用いた 1N HClaq 存在下で、ジトリフラート体が不安定であると考えられる。 
ジトリフラート 54 のアジド化については、どの基質を用いた場合でも速やかかつ良












 ジアジド 46 の分子内ダブル Huisgen 反応による、非対称スピロビス 1,2,3-トリアゾ
ール 45 の合成を行った (Scheme 2-16)。R1の芳香環上に置換基がある場合でも速やか




























NaN3 (5.0 or 10.0 eq.)
DMF, 80°C
30~60 min.
54k (R1 = Ph; 68%)
54l (R1 = 3-MeC6H4; 28%)
54m (R1 = 4-MeC6H4; 64%)
54n (R1 = 2-MeOC6H4; 73%)
54o (R1 = 2-naphthyl; quant.)
46k (R1 = Ph; 99%)
46l (R1 = 3-MeC6H4; quant.)
46m (R1 = 4-MeC6H4; quant.)
46n (R1 = 2-MeOC6H4; quant.)
46o (R1 = 2-naphthyl; 93%)
Scheme 2-15. モノアリール化ジアジド 46 の合成 
Scheme 2-16. モノアリール化スピロビス 1,2,3-トリアゾール 45 の合成 
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第四節 光学活性スピロ 1,2,3-トリアゾール (spiro[5.5]undecane 体)の合成 
 






スピロトリアゾール 60 は、63 から三段階で合成できると考えた。すなわち、63 の
ヒドロキシ基をトリフラート化することで 62 を得たのち、NaN3 等のアジド化剤を作
用させると 61 が得られる。最後に、分子内に二つずつアジド基と三重結合を持つ 61 を
用いた、分子内ダブル Huisgen 反応によって一度に二つのトリアゾール環を構築でき
















光延反応の条件 29)を適用したところ、目的のジアルキル化体 66 が 83％収率で得られ








Scheme 2-18. ジオール 63 の合成 
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ジオール 63 を基質に用いたジトリフラート 62 の合成と、スピロトリアゾール 60 の
合成を示す (Scheme 2-19)。ジトリフラート 62 の合成は穏和な条件において速やかか
つ高収率で進行した。ジアジド 61 の合成は DMF 中で 62 と NaN3 を反応させたもの
の、目的物である 61 は得られず、環化体の 60 が 9.5%収率で得られた。 
 
 
 上記の結果から、ジトリフラート 62 が高温条件において不安定であることが示唆さ
れたため反応条件を変更した。すなわち、ジトリフラート 62 を 25°C で NaN3と反応
させ、系中でジアジド 61 に完全に変換されたことを TLC で確認した後、100°C に昇
温して環化させることで、スピロトリアゾール (spiro[5.5]undecane 体) 60 を 81%で
得た (Scheme 2-20)。 
 
  
Scheme 2-19. スピロトリアゾール 60 の合成 
Scheme 2-20. スピロトリアゾール 60 の効率的合成 
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Figure 2-2. スピロトリアゾール 45
の HPLC による光学分割条件 
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光学的に純粋な 60 を得るために、ラセミ体 60 の HPLC による光学分割 (DAICEL 









 光学的に純粋な 60 を得るために、不斉補助基としてカンファースルホン酸ユニット
を導入した 68 を合成し、そのジアステレオマーをシリカゲルカラムで分割することで
光学的に純粋な 68 を得たのち、67 へ誘導し 60 を合成する手法を考えた (Scheme 2-
21)。 
ジオール 63 の TBS 保護を行い、モノ TBS 保護体 69 を 74%収率で得たのちヒドロキ
シ基のトリフラート化を行い、70 を 89%収率で得た (Scheme 2-22)。TBS 保護体 70
のヒドロキシ基を保護したままアジド化を行い基質の消失を TLC で確認したのち、そ



















Scheme 2-21. スピロトリアゾール 60 の不斉合成計画 
Scheme 2-22. トリアゾール 72 の合成 
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 72 に(+)－カンファースルホン酸塩化物を作用させ、68 をジアステレオマー混合物
として合成した (Scheme 2-23)。シリカゲルカラムによって互いのジアステレオマー
の分離を試みたものの、様々な条件下において分離が困難であったため、72 の HPLC
















 (+)-72 のヒドロキシ基のトリフラート化によって(+)-73 を得たのち、アジド化に続










Scheme 2-23. カンファースルホン酸エステル 68 の合成 
Figure 2-3. トリアゾール 72 の光学分割 
Scheme 2-24. スピロトリアゾール 60 の不斉合成 
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45j の両エナンチオマーを光学異性体分離カラムを用いた HPLC で単離し、その CD ス
ペクトルを測定した。その結果、青色で示している 1st エナンチオマーは負の第一コッ
トン効果を示したため M 体であり、オレンジ色で示している 2nd エナンチオマーは正

























Figure 2-4. スピロトリアゾール 45 の絶対配置決定 
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第七節 光学活性スピロ 1,2,3-トリアゾリウム型イオン性液体の合成 
 


































Figure 2-5. イオン性液体 
Figure 2-6. キラルイオン性液体 
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第一節と第二節で合成したスピロ 1,2,3-トリアゾール 45 と 60 のアルキル化によっ
て、スピロ 1,2,3-トリアゾリウム塩を合成した。まず、二置換スピロ 1,2,3-トリアゾリ
















 spiro[4.4]nonane 体 (n=1) を基質に用いた場合は、一級アルキル基、二級アルキル
基、ベンジル基をトリアゾール上にいずれも良い収率で導入することができた。
Entry 4 のイソプロピル基を導入する場合は反応が遅く、高温・長時間の条件 
(140°C, 8 h) においても目的物とモノアルキル化体の混合物となった。三級アルキル
ハライドである tBuI を用いた場合には殆ど反応が進行せず、三日間還流した後に基質
の分解が確認された。ベンジル基を導入する場合は速やかかつ高収率で反応が進行
し、トリアゾリウム塩 74g-k を与えたものの、オルト位に Boc 保護アミノ基がある 
Entry 10 の場合には Boc 基の熱による脱保護が起きた結果、複雑な生成物を与え
た。Entry 11 のジフェニルメチル基を導入する場合は生成物が不安定なためか、一部
分解が確認された。 

























































































































































 三置換、四置換スピロ 1,2,3-トリアゾリウム塩 74 の合成を示す (Table 2-5)。Entries 
1-4 のアルキル置換トリアゾール基質の場合は、良好な収率で 1 級アルキル基を導入す
ることができた。Entries 5-8 のアリール置換トリアゾール基質においては、Entry 5 
(R1 = R2 = Ph) の場合は 95%収率でメチル基を導入できたものの、Entries 6~8 




 三置換スピロ 1,2,3-トリアゾリウム塩の場合、R1 としてフェニル基を有する 45k の
メチル化は速やかに進行し、対応する 74t を 70%収率で合成できたものの、45k のノル
マルヘキシル化は、メチル化と同じ 130℃では進行せず昇温した結果、基質の分解物と
思われる複雑な混合物を与えるのみであった。R1 として m－トリル基を有する 45l の


























塩 74、75d のカウンターアニオン交換反応を行った結果を示す (Table 2-6)。基質のカ
ウンターアニオンがヨウ素、臭素に関係なく良い収率で交換反応は進行した。Entry 8







































 合成したスピロ 1,2,3-トリアゾリウム塩 74~77 の融点を測定した結果を示す (Table 
2-7)。spiro[4.4]nonane 体 (n=1) に関して、Entries 1~7 の二置換スピロ 1,2,3－トリ
アゾリウム塩の場合、融点は比較的高かった (127~250°C)。ところが、Entries 12~15
の四置換スピロ 1,2,3-トリアゾリウム塩の場合は、顕著な融点の低下がみられ、特に

















































































































































































































Table 2-7. スピロ 1,2,3-トリアゾリウム塩の融点 
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ルホニルイミドアニオンに変えた Entries 16-22 の化合物の場合はさらに融点が低下
し、長鎖アルキル置換基と組み合わせた 76o の融点は 7 °C まで低下した。この理由と
して、カウンターアニオンの負電荷が非局在化することで、カチオンとの静電的相互作
用が低下した為であると考えられる。光学的に純粋な塩の場合には融点のさらなる低下
がみられた (Entries 15 and 22) ことから、これらの場合に関してはホモキラル相互作
用の方がヘテロキラル相互作用よりも弱い為であると考えられる。。 
一方、spiro[5.5]undecane 体 (n=2) に関しては、Entries 8~11 の二置換スピロ 1,2,3-













 2006 年に Leitner らは L-(－)-malic acid から容易に合成可能なボレート型キラル
イオン性液体 78 を溶媒として用い、アルジミンとメチルビニルケトンとの Aza-
Morita-Baylis-Hillman 反応に用いた結果、生成物 79 が最高 84% ee で得られること
を報告した 36)。一方、Luo、Cheng らは 2006 年にシクロヘキサノンのニトロスチレ
ン誘導体へのマイケル付加反応を、トリフルオロ酢酸と 15 mol%のプロリン由来キラ





















Scheme 2-25. Leitner らによる初のキラルイオン性液体を用いる高不斉導入例 









結果を示す (Scheme 2-27, 28, 30 and 31)。光学的に純粋な(-)-(M)-74o と(-)-(M)-76o
は、グラムスケールでの合成に成功した。中でも粘度が比較的低く、溶媒として使用








Thanh らはベンズアルデヒドのアクリル酸メチルとの MBH 反応を 82 溶媒中で行
ったところ、最高で 44% ee で 81 が得られることを報告している 38)。そこで今回合
成した(-)-(M)-76o 溶媒中で同反応を行った (Scheme 2-27)。触媒量の DABCO 存在






 そこで次に、イオン性液体と強く相互作用する事でより高い ee の生成物が得られる
ことを期待し、ヒドロキシ基を持ったサリチルアルデヒドの N―トシルイミンを基質









Scheme 2-27. イオン性液体 76o を用いる MBH 反応 
















 2007 年に Gaertner らはシクロペンタジエンとアクリル酸との Diels-Alder 反応を
イオン性液体 83 中で行うと、生成物が高収率、かつ高ジアステレオ選択的に得られる




















83 (1.1 eq.) 
0°C, 90 min.
1.0 eq.3.0 eq.
endo + exo; 98%







Scheme 2-29. Gaertner らによるイオン性液体 83 を用いる不斉 Diels-Alder 反応例 
Scheme 2-30. スピロイオン性液体 76o を用いる Diels-Alder 反応 
Scheme 2-31. スピロイオン性液体 76o を用いるマイケル付加反応 
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第九節 光学活性スピロ 1,2,3-トリアゾリウム塩の有機分子触媒への応用 
 













ベンゾイン縮合反応の不斉化は 1966 年に Sheehan らによって 初めて報告
されており、彼らはベンズアルデヒドに対し光学活性チアゾリウム 塩 84 を
NHC 前駆体として用いることで、ベンゾインを 2% ee ながらも光 学活性体と
して得ている 40)。高エナンチオ選択的ベンゾイン縮合反応の例と して、2002
年に Enders らは、85 を NHC 前駆体として用いると、目的化合 物が 83％収










Figure 2-7. NHC 前駆体例 

















今回合成したスピロ 1,2,3-トリアゾリウム塩を本反応に適用した結果を示す (Table 
2-8)。スピロ 1,2,3-トリアゾリウム塩 74 (spiro[4.4]nonane 体 (n=1)) を NHC 前駆体
に用いた場合、ベンゾイン縮合が進行し 74f を用いた場合に最高 57%収率で目的物を
与えた (Entry 3)。Entries 1~6 のように窒素上の置換基を変えた場合に収率は大きく
変化した。一方、Entries 7 and 8 のスピロ 1,2,3-トリアゾリウム塩 75 
(spiro[5.5]undecane 体 (n=2)) を用いた場合、反応は殆ど進行しなかった。原因は 75
の THF に対する溶解性が悪い為であると思われる。Entry 3 では用いるトリアゾリウ













 そこで、比較的弱い塩基である炭酸カリウムと DBU を用いて反応を行った。しか
し、ほとんど反応は進行しなかった (Scheme 2-33)。 
H
O O74f (5 mol %)
K2CO3 or DBU (10 mol %)
OH
THF










Table 2-8. スピロ 1,2,3-トリアゾリウム塩 74, 75 を用いるベンゾイン縮合反応 









 弱い塩基でも NHC が発生するよう、酢酸銀を作用させ 74f のカウンターアニオン






























O O74f' (5 mol %)
KOtBu (10 mol %)
OH
THF
70°C, 1.5 h 25%
(At rt, no reaction.)
H
O O74f' (5 mol %)
K2CO3 or DBU (10 mol %)
OH
THF
70°C, 6 h trace
Scheme 2-34. 74f のカウンターアニオン交換反応 

























2004 年に Bode らは 86 を NHC 前駆体として用いると、シンナムアルデヒドのホ
モカップリング反応が進行し、環化体 87 が得られることを報告している 43) (Scheme 
2-36)。本反応の不斉化は 2010 年の Scheidt らと 2013 年の Xie らの報告 2 例のみで
あり、Scheme 2-37 に示すように Scheidt らはキラル配位子を用いた Ti 触媒による不
斉反応で目的物を最高 60% ee で得ており 44a)、Scheme 2-38 に示すように Xie らはキ
ラルイミダゾリウム塩を NHC 前駆体として用いているものの、その立体選択性は最
高 22% ee にとどまっていた 44b)。 







Scheme 2-36. Bode らによる初のシンナムアルデヒドのホモカップリング反応例 
Scheme 2-37. Scheidt らによる初のシンナムアルデヒドの不斉ホモカップリング反応例 










74f を 30 mol %，KOtBu を 52 mol %用いて室温で本反応を行ったところ、目的物
87 が 52%収率で得られた (Scheme 2-39)。窒素原子上の置換基効果を調べるため、




























































Scheme 2-39. 74 を用いたシンナムアルデヒドのホモカップリング反応 
Table 2-9. 光学的に純粋な 74 を用いた 
シンナムアルデヒドのホモカップリング反応 
















非対称スピロ 1,2,3-トリアゾリウム塩 (+)-74t を NHC 前駆体に用いて、シンナムア
ルデヒドの立体選択的ホモカップリング反応を行った (Scheme 2-40)。得られた生成物





あるものの、89 を用いた場合に立体選択性は最高で 36% ee まで向上した。 
 剛直なスピロ骨格ではなく、よりフレキシブルな骨格を持つ NHC 前駆体を用いる事
で、シンナムアルデヒドのホモカップリング生成物の立体選択性が向上する事がわかっ




Scheme 2-40. 光学的に純粋なトリアゾリウム塩を用いたシンナムアルデヒドのホモカップリング反応 
49 
 
第十節 光学活性スピロ 1,2,3-トリアゾリウム塩のアニオン認識部位への応用 
 
 2002 年に西郷らは、面不斉を有するキラルイミダゾリウム塩のカウンターアニオン






























 そこで、互いのトリアゾール部位が近傍に位置する 90 の合成を試みた（Scheme 2-
41）。90 はジアジド 91 の分子内ダブル Huisgen 反応により合成可能であると考え、
91 はジイン 92 より誘導可能であると考えた。まず 92 合成のモデル反応として、2-メ
チルマロン酸ジエチルを原料に用い、活性メチレン部位のエチニル化を類似反応 46)を
参考に行ったところ、中間体 93 は得られたものの、t-BuLi での処理後には複雑な混


































ないかと考え、研究を行った（Scheme 3-2）。トリアゾリウム塩 100 は対応するトリア







Scheme 3-1. 笹井らによるオキサ[9]ヘリセンの合成 




 カップリング反応の基質 102 の合成を示す(Scheme 3-3)。2,7-ジヒドロキシナフタレ
ンを出発原料に用い、4 段階の変換ののち既知物 103 を得た 48)。103 のトリメチルシリ
ルアセチレンとの薗頭カップリング反応により 104 を得、水素化リチウムアルミニウ
ムによる還元ののちにアルコール 105 を得た。105 に DPPA と DBU を作用させるこ
とで、ヒドロキシ基のアジド化、続く分子内 Huisgen 反応が進行した結果、トリアゾ
ール 106 が 75%収率で得られた。最後に、106 の脱メチル化を臭化水素酸と酢酸よっ
て行い、102 を 73%収率で得た。 
 






Scheme 3-3. 基質 102 の合成 






された 50)。彼らは、電子豊富な芳香族化合物 107 に BF3･OEt2存在下、超原子価ヨウ
素試薬 PIFA を作用させることにより分子内カップリング反応が進行し、目的のビア












ヘリセン型ビストリアゾールの合成法として Scheme 3-6 のように考えた。すなわち、
目的とする分子内に 2 つの 1,2,3-トリアゾリウム部位を有するオキサヘリセン 100 は
対応するトリアゾール 101 の N－アルキル化によって得られるものとし、トリアゾー








 カップリング反応基質 107 の合成検討結果を示す(Scheme 3-7)。既知物である臭化
アリール 109 は 2,7-ジヒドロキシナフタレンから 2 段階で合成した 51)。109 に臭化銅
触媒存在下で 7-メトキシ 2-ナフトールを作用させることでジアリールエーテル 110 が
74%収率で得、110 の三臭化ホウ素による脱メチル化により 95%収率でジオール 111 を
得た。111 の NBS を用いた位置選択的臭素化反応を触媒量のジイソプロピルアミン存
在下で行い、112 を 92%収率にて得た。 
Scheme 3-6. オキサヘリセン 100 の逆合成解析 






















ジオール 112 のヒドロキシ基をトリフラート化することで、113 を 88%収率で得た。
113 に一酸化炭素雰囲気下でパラジウム触媒とメタノールを作用させることでメチル
エステル 114 を得たのち、トリメチルシリルアセチレンとの薗頭カップリング反応に
よってジイン 115 を得た。115 はシリカゲルを用いたカラムクロマトグラフィーによる
精製が困難であったため、メトキシカルボニル基の水素化リチウムアルミニウムによる
還元ののちに、33%収率と改善の余地があるものの、ジオール 116 を得た。なお、この
反応の副生成物はモノイン化合物であった。ジオール 116 のアジド化を DPPA と DBU
を用いて行い、得られたジアジド 118 をそのまま One-pot で 80℃に昇温することで続












果、基質 116 は残っておらず、反応中間体であるジアジド 118 が 13%収率で単離され
る結果となった(Scheme 3-8)。本系ではモノアジドが少量生成していることが 1H NMR
で確認できたものの、TLC モニタリング（展開溶媒：ヘキサン/ジエチルエーテル＝１
/１）では原点に強い UV 吸収を有するスポットが確認されたことから、基質 116 か 118
は塩基性条件下で分解してしまった可能性がある。得られた 118 をトルエン中 80℃、
1.5 時間反応させることでビストリアゾール 117 が定量的に得られた。その後 117 の
TBAF による TMS 基の除去を試みたものの、目的とする 107 は得られず複雑な混合物
を与えるのみであった。 
 そこで、ビストリアゾール 117 を用い超原子価ヨウ素試薬による、分子内酸化的ビア
リールカップリング反応を検討した(Scheme 3-9)。117 に対して 1.4 当量の PhI(OAc)2
と 6.0 当量の BF3･OEt2 をジクロロメタンとトリフルオロエタノール混合溶媒中、－
78℃から－40℃に昇温後一時間撹拌し反応の進行を確認したものの、反応は全く進行











そこで、分子間カップリング反応によるヘリセン 100 の合成を考察した(Scheme 3-
Scheme 3-8. トリアゾール 107 の合成検討 
Scheme 3-9. 超原子価ヨウ素試薬を用いる 117 の分子内ビアリールカップリング反応検討 
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 次に 106 のカップリング反応において、まずは超原子価ヨウ素試薬の検討を行った
（Table 3-1）。PIFA（Entry 1）や PIDA（Entry 2）を用いた場合には基質の回収が見
られるものの、低収率ながら反応が進行し、目的とする 120 を単一の位置異性体として
得た。一方、[PhIO]n（Entry 3）や PhICl2（Entry 4）を用いた場合には反応は全く進
行しなかった。検討した超原子価ヨウ素試薬の中で最も反応が進行した PIDA を用い
て、まずは反応溶媒の検討を行った (Table 3-2)。TFE, HFIP, DCM を用いた場合に反
応が進行し、TFE を用いた場合に 39%収率で生成物が得られた。HFIP を用いた場合
に収率が低下した原因は、反応温度において溶媒が固化した為であると考えられる
（HFIP の融点は－４℃）。また、本反応に用いる BF3･OEt2 の当量を検討した結果、








































Scheme 3-10. 分子間ビアリールカップリング反応を用いるオキサヘリセン 100 の逆合成解析 














次に PIDA の当量と反応濃度の検討を行った（Table 3-3）。において BF3･OEt2の代
わりに TMS-OTf を用いて反応を行ったところ、収率は低下した（Entry 2）。次に反応
濃度の検討を行った結果、0.02 M において若干の収率の向上が見られた。超原子価ヨ
ウ素試薬の当量の検討を行った結果、0.7 当量用いた場合に収率は 89%まで向上した







反応温度等の検討を行った結果、Scheme 3-11 に示すように PIDA を 0.7 当量、
BF3･OEt2を 8.0 当量用い、ジクロロメタンとトリフルオロエタノール混合溶媒中、－
78℃で BF3･OEt2を加え－40℃に昇温後一時間撹拌することで、目的とするビアリー
ル 120 が 95%収率で、単一の位置異性体として得られることを見出した。 
Table 3-3. PIDA の当量と反応濃度検討 






















る 52)。また、藤田、杉村らは乳酸由来のエステル型超原子価ヨウ素試薬や、その C2 対










































































X1 = H, Et, Cl, CHMeOAc, CHMeOPiv,
CHMeOMe, CHMeOBn





R1 = Me, iPr
R2 = Me, tBu












R6 = Me, iPr
Y = NH2, NHPh, NH[(3,5-(CF3)2C6H3], 
NH[(3,5-tBu2C6H3], NHMes
R4 = Me, iPr
R5 = Me, (–)-Menthyl





Scheme 3-12. 超原子価ヨウ素試薬を用いた分子間ビアリールカップリング反応を用いる 
100 の逆合成解析 




















キラル超原子価ヨウ素試薬を 106 のカップリング反応に適用した結果を示す(Figure 
3-2)。末端にメトキシカルボニル基を有する超原子価ヨウ素試薬 121a を用いて反応を
行った結果、基質 106 が反応終了後に多く回収されたため、当量を 0.7 当量から 1.4 当
量に増やすことで、ビアリール 120 が 61%, 20% ee にて得られた。生成物の収率や立
体選択性を向上させるべく、不斉点上の置換基としてメチル基ではなくイソプロピル基
を用いた 121b の場合、収率、ee ともに低下した。ヨウ素原子が結合しているベンゼン




















メトキシカルボニルを有するキラル超原子価ヨウ素試薬 121a を用いた場合は 61%、
20% ee であったものの、イソプロポキシカルボニル基を有する試薬 121e を用いたと
ころ、65%収率、56% ee にてビアリール化合物が得られた。アルコキシカルボニル基
の立体的かさ高さが生成物の立体選択性に良い影響があると考え、tert-ブトキシカルボ






































































CH2Cl2/CF3CH2OH = 30/1 (0.02M)
–78 to –40 °C, 1 h
Hypervalent































































般性を見るために、他の基質を用いた結果を Scheme 3-15 に示す。ナフタレン環上に
メトキシ基のみを有する 123 を用いた場合や、2-ブロモ-6-メトキシナフタレン (125) 
を用いた場合には、中程度から定量的な収率で反応が進行したものの、生成物はラセミ
体であった。一方、1-ブロモ-2,7-ジメトキシナフタレン (128) 57)を基質として用いた場
合には 67%収率、17% ee でカップリング生成物が得られた。このことから、生成物の































DCM/TFE = 30/1 (0.02M)
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いて行い、目的物 131 を 67%収率で得た。131 のアニリンとのパラジウム触媒を用い

















キラルビナフチル骨格を有するジオール 130 に 1.0 当量のジ tert ブチルジクロロシラ
ンを 5.0 当量のトリエチルアミン存在下で作用させることで、2 つのヒドロキシ基を介
して環化したヘリセン様分子 133 が 24%収率で得られた。低収率の原因は、反応終了



















xylene, 80 °C, 30 min.
then 100 °C,18 h
Complex Mixture was Obtained




















































NaIO4 (5.0 eq.), dioxane/H2O, 80 °C
Scheme 3-16. ヘリセン 101, 132 の合成検討 





・安価なジメチルマロネートを基質に用いて最短 4 段階, 89%収率で、有用なスピロビ
ス 1,2,3-トリアゾール 45, 60 を得る方法を開発した。 
・得られた化合物の N－アルキル化によってスピロビス 1,2,3-トリアゾリウム塩 74-77
を合成し、イオン性液体として機能することを見出した。 
 































1,2,3-triazolium salt (30 mol %)














(+) or (-)-74 (n = 1) or 75 (n = 2)
Up to 66%, 6% ee
First Enantioselective NHC Reaction Derived from 1,2,3-Triazolium Salt
H
O O(+) or (-)-74 (5 mol %)














74 (n = 1) or 75 (n = 2)
Up to 57%, Rac.
First Example for NHC Catalyst Derived from 1,2,3-Triazolium Salt
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・2,7-ジヒドロキシナフタレンから容易に調製可能な 1,2,3-トリアゾール 106 の、キラ
ル超原子価ヨウ素試薬を用いた立体選択的ビアリールカップリング反応を初めて開発
し、中程度の立体選択性ながらも軸不斉を有するビストリアゾール 120 を合成した。 
・本反応を鍵工程とするヘリセン様分子の合成を行い、収率に改善の余地があるものの、





































1H-, 13C-, and 19F-NMR spectra were recorded with JEOL JMN LA-400 FT NMR (1H-NMR 400 MHz, 
13C-NMR 100 MHz, 19F-NMR 376 MHz). 1H-NMR spectra are reported as follows: chemical shift in 
ppm (δ) relative to the chemical shift of CHCl3 at 7.26 ppm, integration, multiplicities (s = singlet, d 
= doublet, q = quartet, t = triplet, m = multiplet), and coupling constants (Hz). 13C-NMR spectra 
reported in ppm (δ) relative to the central line of triplet for CDCl3 at 77 ppm. Trifluoroacetic acid used 
as external standard for 19F-NMR. FTMS spectra were obtained with LTQ Orbitrap XL (Thermo Fisher 
Scientific). ESI mass spectra were obtained with JMS-T100LC (JEOL). Optical rotations were 
measured with JASCO P-1030 polarimeter. HPLC analyses were performed on a JASCO HPLC 
system (JASCO PU 980 pump and UV-975 UV/Vis detector) using a mixture of CH2Cl2 and iPrOH 
as eluents. FT-IR spectra were recorded on a JASCO FT-IR system (FT/IR4100). Mp and Tg were 
measured with SHIMADZU DSC-60. Reactions using microwave were carried out with Biotage 
Initiator 2.5. Column chromatography on SiO2 was performed with Kanto Silica Gel 60 (40-100 μm). 
Commercially available organic and inorganic compounds were used without further purification 
except for the solvent, which was distilled from sodium/benzophenone or CaH2. 
 
Preparation of compounds: 
Caution! Azide compound is potentially explosive. All organic and inorganic azides should be handled 
carefully and transferred by plastic spoon and contact with metal should be avoided. 
 
 
58k (R1 = Ph), 58l (R1 = 3-Me-C6H4), 58m (R1 = 4-MeC6H4), 58n (R1 = 2-MeOC6H4), 58o (R1 = 2-
naphthyl) 
 
58k (R1 = Ph): To a solution of 58a (500 mg, 2.9 mmol, 1.0 eq) in CH2CH2 (20 ml) and Et3N (10 mL) 
was added Pd(PPh3)2Cl2 (105 mg, 0.15 mmol, 5 mol %), CuI (57.1 mg, 0.30 mmol, 10 mol %) and 
PhI (769 mg, 3.8 mmol, 1.3 eq) at rt. After stirring for 20 h at rt, solvent was removed and the residue 
was purified by column chromatography (SiO2, hexane/EtOAc = 9/1) to afford 58k (353 mg, 1.4 mmol, 
49%) as a orange oil, which was identical in all respects with reported in the literature. (Pour et al. J. 
Org. Chem. 2004, 69, 6761) 
58l (R1 = 3-MeC6H4): To a solution of 58a (500 mg, 2.9 mmol, 1.0 eq) in CH2CH2 (6 ml) and Et3N 
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(1.6 mL) was added Pd(PPh3)2Cl2 (102 mg, 0.15 mmol, 5 mol %), CuI (28.6 mg, 0.15 mmol, 5 mol %) 
and 3-MeC6H4I (704 mg, 3.2 mmol, 1.1 eq) at rt. After stirring for 4.5 h at rt, solvent was removed 
and the residue was purified by column chromatography (SiO2, hexane/EtOAc = 93/7) to afford 58l 
(442 mg, 1.7 mmol, 58%) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.15-7.20 (m, 4H), 3.79 
(s, 6H), 3.69 (t, 1H, J = 7.8 Hz), 3.01 (d, 2H, J = 7.8 Hz), 2.30 (s, 3H); 13C-NMR (CDCl3, 100 MHz): 
δ = 168.39, 137.81, 132.17, 128.87, 128.64, 128.04, 122.82, 84.70, 82.63, 52.76, 51.14, 21.12, 19.45 
58m (R1 = 4-MeC6H4) was synthesized in the same method of 58k except for the used aryl halide and 
purification. Purified by column chromatography (SiO2, hexane/EtOAc = 95/5) to afford 58m (355 
mg, 1.4 mmol, 44%) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.26(d, 2H, J = 8.2Hz), 7.08(d, 
2H, J = 8.2 Hz), 3.78(s, 6H), 3.69(t, 1H, J = 7.8 Hz), 3.00(d, 2H, J = 7.8 Hz), 2.32(s, 3H); 13C-NMR 
(CDCl3, 100 MHz):  = 168.43, 138.03, 131.46, 128.90, 119.95, 84.33, 82.57, 52.75, 51.18, 21.37, 
19.48 
58n (R1 = 2-MeOC6H4): To a solution of 58a (1.0 g, 5.8 mol, 1.0 eq) in Et3N (30 mL) was added 
Pd(PPh3)4 (679 mg, 0.58 mmol, 10 mol %), CuI (110 mg, 0.58 mmol, 10 mol %) and 2-MeOC6H4I 
(2.0 g, 8.7 mmol, 1.5 eq) at rt. After stirring for overnight at 60°C, solvent was removed and the residue 
was filtrated by short column chromatography (SiO2, EtOAc only) to afford crude 58n. The crude 
product was purified by column chromatography (SiO2, hexane/EtOAc = 4/1) to afford 58n (328 mg, 
1.2 mmol, 21%) as a yellow oil, which was identical in all respects with reported in the literature. 
(Echavarren et al. J. Am. Chem. Soc. 2008, 130, 269) 
58o (R1 = 2-naphthyl) was synthesized in the same method of 58k except for use of 2-Bromo 
naphthalene instead of PhI. 58o (203.1 mg, 0.69 mmol, 24%), 1H-NMR (CDCl3, 400 MHz): δ = 7.90 
(s, 1H), 7.81-7.72 (m, 3H), 7.50-7.40 (m, 3H), 3.81(s, 6H), 3.75 (t, 1H, J = 7.8 Hz), 3.09 (d, 2H, J = 
7.8 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 168.35, 132.79, 132.55, 131.28, 128.41, 127.76, 127.60, 
127.53, 126.44, 126.37, 120.28, 85.47, 82.80, 52.76, 51.08, 19.51 
 
 
       59 
59k (R1 = Ph), 59l (R1 = 3-MeC6H4), 59m (R1 = 4-MeC6H4), 59n (R1 = 2-MeOC6H4), 59o (R1 = 2-
naphthyl) 
 
59k (R1 = Ph): 58k (353 mg, 1.4 mmol, 1.0 eq) was added to a mixture of NaH (60% in mineral oil, 
84 mg, 2.1 mmol, 1.5 eq) in dry THF (30 mL) at 0°C. Then the reaction mixture was stirred for 0.5 h 
at rt. After the addition of propargyl bromide (217 mg, 1.8 mmol, 1.3 eq) at 0°C, the mixture was 
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stirred for 24 h at rt, quenched by saturated aqueous ammonium chloride, extracted with EtOAc, and 
dried over MgSO4. After the removal of solvent, the residue was purified by column chromatography 
(SiO2, hexane/EtOAc = 9/1) to afford 59k (360 mg, 1.3 mmol, 91% yield) as an orange oil. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.38-7.34 (m, 2H), 7.27-7.30 (m, 3H), 3.79 (s, 6H), 3.21 (s, 2H), 3.06 (d, 2H, 
J = 2.7 Hz), 2.06 (t, 1H, J = 2.7 Hz) 
59l (R1 = 3-MeC6H4), 59m (R1 = 4-MeC6H4), 59n (R1 = 2-MeOC6H4), 59o (R1 = 2-naphthyl) were 
synthesized in the same method of 59k except for purification. 
59l (R1 = 3-MeC6H4): Purified by column chromatography (SiO2, CH2Cl2 only) to afford 59l (348 mg, 
1.17 mmol, 69 %) as a brown oil. 1H-NMR (CDCl3, 400 MHz):δ = 7.15-7.20 (m, 4H), 3.79 (s, 6H), 
3.20 (s, 2H), 3.06 (d, 2H, J = 2.7 Hz), 2.31 (s, 3H), 2.05 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 
MHz):δ = 169.22, 137.87, 132.22, 128.96, 128.73, 128.08, 122.73, 83.15, 78.46, 71.75, 71.69, 56.83, 
53.12, 23.60, 22.82, 21.15 
59m (R1 = 4-MeC6H4): Purified by column chromatography (SiO2, hexane / EtOAc = 1/4) to afford 
59m (270 mg, 0.91 mmol, 70 %) as a yellow solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.25 (d, 2H, J = 
8.2Hz), 7.08 (d, 2H, J = 8.2 Hz), 3.78 (s, 6H), 3.20 (s, 2H), 3.05 (d, 2H, J = 2.7 Hz), 2.33 (s, 3H), 
2.05(t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 169.26, 138.16, 131.56, 128.94, 119.91, 
83.89, 82.83, 78.56, 71.65, 56.92, 53.09, 23.66, 22.86, 21.40 
59n (R1 = 2-MeOC6H4): Without purification to afford 59n (323 mg, 1.0 mmol, quant.) as a brown oil. 
1H NMR (CDCl3, 400 MHz): δ = 7.32 (dd, 1H, J = 1.4, 7.3 Hz), 7.25 (dt, 1H, J = 1.4, 8.2 Hz), 6.87 
(dd, 1H, J = 1.4, 7.3 Hz), 6.83 (d, 1H, J = 7.3 Hz), 3.85 (s, 3H), 3.78 (s, 6H), 3.26 (s, 2H), 3.09 (d, 2H, 
J = 2.7 Hz), 2.04 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 169.23, 160.17, 133.54, 129.43, 
120.29, 112.19, 110.56, 87.79, 80.02, 78.67, 71.58, 56.97, 55.68, 53.07, 23.93, 22.79; HRMS (ESI) 
calcd for C18H18O5Na (M+Na)+; 337.1046, found 337.1025. 
59o (R1 = 2-naphthyl): Purified by column chromatography (SiO2, hexane / EtOAc = 93/7) to afford 
59o (151 mg, 0.45 mmol, 65%) as orange oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.90 (s, 1H), 7.81-
7.71 (m, 3H), 7.49-7.40 (m, 3H), 3.81 (s, 6H), 3.30 (s, 2H), 3.13 (d, 2H, J = 2.7 Hz), 2.11 (t, 1H, J = 
2.7 Hz); 13C-NMR (CDCl3, 100 MHz):δ = 169.13, 132.78, 132.59, 131.33, 128.42, 127.78, 127.61, 






49a: To a solution of 48a (2.0 g, 0.013 mol, 1.0 eq) in DMF (100 mL) was added imidazole (7.2 g, 
0.10 mol, 8.0 eq) and TBSCl (7.9 g, 0.052 mol, 4.0 eq) at 0°C. After stirring for 5 h at rt, the reaction 
mixture was quenched by water, extracted with EtOAc/hexane, and dried over MgSO4. After the 
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removal of solvent, 49a (5.2 g, 0.013 mol, quant) was obtained as a yellow oil, which was identical in 








49h (R1 = R2 = Ph), 49i (R1 = R2 = 2-CF3C6H4) 
 
49h: To a solution of 49a (30.0 mg, 0.078 mol, 1.0 eq) in Et3N (5 mL) was added Pd(PPh3)4 (0.9 mg, 
0.78 µmol, 1 mol %), CuI (1.5 mg, 7.8 µmol, 10 mol %) and PhI (63.7 mg, 0.31 mmol, 4.0 eq) at rt. 
After stirring for 16 h at 60°C, solvent was removed and the residue was filtrated by short column 
chromatography (SiO2, hexane/EtOAc = 20/1) to afford pure 49h (37.2 mg, 0.070 mmol, 90%)  as a 
yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.41-7.35 (m, 4H), 7.31-7.27 (m, 6H), 3.66 (s, 4H), 2.56 
(s, 4H), 0.92 (s, 18H), 0.09 (s, 12H); 13C-NMR (CDCl3, 100 MHz): δ = 131.57, 128.18, 127.51, 124.06, 
87.16, 82.39, 63.66, 44.46, 25.90, 22.12, 18.31, -5.51 
49i (R1 = R2 = 2-CF3C6H4) was synthesized in the same method of 49h except for the used aryl iodide 
and purification. Purified by column chromatography (SiO2, hexane only) to afford 49i (756 mg, 1.13 
mmol, 75 %) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.62 (d, 2H, J = 7.8 Hz), 7.54 (d, 2H, 
J = 7.8 Hz), 7.45 (t, 2H, J = 7.8 Hz), 7.35 (t, 2H, J = 7.8 Hz), 3.67 (s, 4H), 2.62 (s, 4H), 0.91 (s, 18H), 
0.06 (s, 12H); 13C-NMR (CDCl3, 100 MHz): δ = 134.13, 131.22 (q, J = 16.3 Hz), 127.14, 125.59 (q, 
J = 4.8 Hz), 123.62 (q, J = 273 Hz), 122.37, 93.62, 78.38, 63.39, 44.79, 25.05, 22.24, 18.25, -5.67; 







48b (R1 = R2 = Me), 48c (R1 = R2 = Et), 48d (R1 = R2 = nBu), 48e (R1 = R2 = nHex), 48h (R1 = R2 = 
Ph), 48i (R1 = R2 = 2-CF3C6H4), 48j (R1 = R2 = 2-naphthyl), 48k (R1 = Ph, R2 = H), 48l (R1 = 3-
MeC6H4, R2 = H), 48m (R1 = 4-MeC6H4, R2 = H), 48n (R1 = 2-MeOC6H4, R2 = H), 48o (R1 = 2-




48b (R1 = R2 = Me): To a solution of 49a (700 mg, 1.80 mmol, 1.0 eq) in THF (40 mL) was slowly 
added nBuLi (1.65 M in hexane, 4.4 mL, 7.2 mmol, 4.0 eq) at -78°C. After stirring for 1 h at -50°C, 
MeI (1.02 g, 7.2 mmol, 4.0 eq) was added. The mixture was stirred for 1 h at -50°C and subsequently 
for 1 h at rt. The reaction was quenched by H2O, concentrated in vacuo, extracted with CH2Cl2 and 
dried over MgSO4. Removal of solvent afforded pure TBS protected 48b (769 mg, 1.88 mmol, quant) 
Consequently to a solution of TBS protected 48b in THF (20 mL) was added TBAF (1.0 M in THF, 
7.52 mL, 7.52 mmol, 4.0 eq) at rt. After stirring for 2.5 h, the mixture was concentrated in vacuo. Then 
CH2Cl2 and 1N HCl aq. were added to the obtained residue. The mixture was extracted with CH2Cl2 
and dried over Na2SO4. After the removal of solvent, the residue was purified by column 
chromatography (SiO2, hexane/EtOAc = 1/1) to afford 48b (R = Me) (171 mg, 0.95 mmol, 50% yield) 
as a yellow oil. 1H-NMR (CDCl3): δ 3.68 (s, 4H), 2.24 (q, 4H, J = 2.7 Hz), 1.86 (brs, 2H), 1.77 (t, 6H, 
J = 2.7 Hz); 13C-NMR (CDCl3): δ 78.4, 75.0, 67.1, 42.3, 22.3, 3.5; HRMS (APCI) calcd for C11H17O2 
(M+H)+; 181.1223, found 181.1221. 
48c (R1 = R2 = Et): To a solution of 49a (570 mg, 1.50 mmol, 1.0 eq) in THF (15 mL) was slowly 
added nBuLi (1.62 M in hexane, 2.7 mL, 4.5 mmol, 3.0 eq) at -78°C. After stirring for 1 h at -30°C, 
HMPA (1.1 g, 6.1 mmol, 4.0 eq) was added to the reaction mixture. Then after stirring for 0.5 h, EtI 
(702 mg, 4.5 mmol, 3.0 eq) was added. The reaction mixture was stirred overnight at -30°C, quenched 
by H2O and 1 N HCl aq., extracted with diethyl ether, and dried over MgSO4. Removal of solvent 
gave pure TBS protected 48c. Then BF3 • OEt2 (3 mL) was added to the solution of TBS protected 48c 
in CH2Cl2 (10 mL). After stirring for 2 h at rt, the reaction was quenched with 1 N HCl aq., extracted 
with EtOAc, washed with saturated NaHCO3 aq., brine and dried over Na2SO4. After the removal of 
solvent, the residue was purified by column chromatography (SiO2, hexane/EtOAc = 3/1) to afford 
48c (R = Et) (88.1 mg, 0.42 mmol, 28% yield) as a yellow oil. 1H-NMR (CDCl3): δ 3.65 (s, 4H), 2.97 
(s, 2H), 2.22 (d, 4H, J = 2.3 Hz), 2.12 (tq, 4H, J = 2.3, 7.3 Hz), 1.08 (t, 6H, J = 7.3 Hz); 13C-NMR 
(CDCl3): δ 84.4, 75.1, 66.6, 42.1, 22.1, 14.1, 12.3; HRMS (ESI) calcd for C13H20O2Na (M+Na)+; 
231.1356, found 231.1345. 
48d-e were synthesized in the same method of 48c except for the used alkyl halides. 
48d (R1 = R2 = nBu): 13% yield as a yellow oil; 1H-NMR (CDCl3): δ 3.67 (s, 4H), 2.68 (s, 2H), 2.25 
(t, 4H, J = 2.7 Hz), 2.13 (tq, 4H, J = 2.7, 7.3 Hz), 1.31-1.50 (m, 8H), 0.88 (t, 6H, J = 7.3 Hz); 13C-
NMR (CDCl3): δ 83.1, 75.8, 66.9, 42.3, 31.0, 22.0, 21.9, 18.4, 13.5; HRMS (ESI) calcd for 
C17H28O2Na (M+Na)+; 287.1982, found 287.1974. 
48e (R1 = R2 = nHex): 31% yield as a yellow oil; 1H-NMR (CDCl3): δ 3.64 (s, 4H), 3.17 (s, 2H), 2.22 
(t, 4H, J = 2.3 Hz), 2.10 (tt, 4H, J = 7.4, 2.3 Hz), 1.50-1.19 (m, 16H), 0.85 (t, 6H, J = 6.9 Hz); 13C-
NMR (CDCl3): δ 83.0, 75.7, 66.6, 42.2, 31.2, 28.9, 28.5, 22.5, 22.1, 18.7, 13.9; HRMS (ESI) calcd for 
C21H36O2Na (M+Na)+; 343.2608, found 343.2595. 
48f (R1 = nBu, R2 = H): To a solution of 49a (100 mg, 0.26 mmol, 1.0 eq) in THF (3 mL) was slowly 
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added nBuLi (1.65 M in hexane, 0.32 mL, 0.53 mmol, 2.0 eq) at -78°C. After stirring for 0.5 h at -
78°C, HMPA (0.2 ml, 1.1 mmol, 4.0 eq) and nBuI (47.8 mg, 0.26 mmol, 1.0 eq) were added to the 
reaction mixture. The reaction mixture was stirred 2.5 h at -30°C, quenched by H2O and 1 N HCl aq., 
extracted with diethyl ether, and dried over MgSO4. Removal of solvent gave pure TBS protected 48f. 
Then BF3 • OEt2 (0.5 mL) was added to the solution of TBS protected 48f in CH2Cl2 (10 mL). After 
stirring for 2 h at rt, the reaction was quenched with 1 N HCl aq., extracted with EtOAc, and dried 
over Na2SO4. After the removal of solvent, the residue was purified by column chromatography (SiO2, 
hexane/EtOAc = 9/1) to afford 48f (27.8 mg, 0.13 mmol, 50% yield) as a yellow oil. 1H-NMR 
(CDCl3): 3.72 (s, 4H), 2.35 (d, 2H, J = 2.1 Hz), 2.29 (t, 2H, J = 2.1 Hz), 2.24 (s, 2H), 2.15 (tt, 2H, J = 
2.1, 6.9 Hz), 2.03 (t, 1H, J = 2.7 Hz), 1.49-1.44 (m, 2H), 1.42-1.37 (m, 2H), 0.90 (t, 3H, J = 7.6 Hz) ; 
13C-NMR (CDCl3): 83.44, 80.58, 75.43, 70.95, 66.79, 42.18, 31.04, 22.28, 21.96, 21.81, 18.39, 13.58 
48g (R1 = nHex, R2 = H) was synthesized in the same method of 48f except for the used alkyl halides. 
Obtained (54 mg, 0.23 mmol, 18%) as a yellow oil. 1H-NMR (CDCl3): 3.68 (s, 4H), 2.96 (s, 2H), 2.32 
(d, 2H, J = 2.8 Hz). 2.26 (t, 2H, J = 2.3 Hz), 2.12 (tt, 2H, J = 7.3, 2.3 Hz), 2.01 (t, 1H, J = 2.8 Hz), 
1.47-1.23 (m, 8H), 0.87 (t, 3H, J = 6.9 Hz); 13C-NMR (CDCl3): 83.37, 80.54, 75.40, 70.86, 66.41, 
42.10, 31.23, 28.89, 28.51, 22.47, 22.08, 21.62, 18.66, 13.96 
48h (R1 = R2 = Ph) and 48i (R1 = R2 = 2-CF3C6H4): Removal of TBS group was performed in the same 
method of 48f. 
48h (R1 = R2 = Ph): Obtained (11.6 mg, 0.038 mmol, 54%). 1H-NMR (CDCl3, 400 MHz): δ = 7.45-
7.38 (m, 4H), 7.33-7.28 (m, 6H), 3.89 (s, 4H), 2.66 (s, 4H); 13C-NMR (CDCl3, 100 MHz): δ = 131.60, 
128.26, 127.92, 123.32, 85.77, 83.37, 67.10, 43.03, 23.02 
48i (R1 = R2 = 2-CF3C6H4): Obtained (330 mg, 0.75 mmol, 66%). 1H-NMR (CDCl3, 400 MHz): δ = 
7.58 (d, 2H, J = 7.8 Hz), 7.54 (d, 2H, J = 7.8 Hz), 7.41 (t, 2H, J = 7.8 Hz), 7.32 (t, 2H, J = 7.8 Hz), 
3.87 (s, 4H), 2.69 (s, 4H); 13C-NMR(CDCl3, 100 MHz): δ  = 134.07, 131.26, 131.05 (q, J = 30.7 Hz), 
127.41, 125.49 (q, J = 4.8 Hz), 123.53 (q, J = 273 Hz), 121.69 (q, J = 1.9 Hz), 92.10, 78.99, 65.92, 
43.34, 22.47; 19F-NMR (CDCl3, 376 MHz): δ = -62.23  
48j (R1 = R2 = 2-naphthyl): Obtained (789.3 mg, 1.95 mmol, 98%). 1H NMR (DMSO-d6, 400 MHz): 
δ 8.01 (s, 2H), 7.91–7.85 (m, 6H), 7.53–7.49 (m, 4H), 7.48 (dd, 2H, J = 8.9, 1.4 Hz), 4.78 (t, 2H, 
J = 5.5 Hz), 3.57 (d, 4H, J = 5.5 Hz), 2.59 (s, 4H); 13C NMR (DMSO-d6, 100 MHz): δ 132.7, 132.1, 
130.7, 128.4, 128.1, 127.6, 127.5, 126.7, 126.6, 120.6, 88.2, 82.6, 62.3, 43.6, 22.2; HRMS (ESI) calcd 
for C29H24NaO2 (M+Na)+; 427.1669, found 427.1668. 
48k (R1 = Ph, R2 = H): To a mixture of lithium aluminium hydride (70 mg, 1.8 mmol, 1.5 eq) in THF 
(20 mL) was added 59k (360 mg, 1.3 mmol, 1.0 eq) in THF (5 ml) at 0°C. After being stirred at rt for 
overnight, the reaction was quenched by saturated aqueous solution of Rochelle salt. After being 
stirred for 30 minutes at rt, extracted with EtOAc, dried over Na2SO4. The organic layer was 
concentrated in vacuo to afford 48k (305 mg, 1.3 mol, quantitative yield) as a brown oil. 1H-NMR 
72 
 
(CDCl3, 400 MHz): δ = 7.42-7.38 (m, 2H), 7.31-7.28 (m, 3H), 3.82 (d, 4H, J = 3.7 Hz), 2.58 (s, 2H), 
2.44 (d, 2H, J = 2.7 Hz), 2.11 (t, 2H, J = 3.7 Hz), 2.07 (t, 1H, J = 2.7 Hz) 
48l (R1 = 3-MeC6H4, R2 = H), 48m (R1 = 4-MeC6H4), 48n (R1 = 2-MeOC6H4), 48o (R1 = 2-naphthyl) 
were synthesized in the same method of 48k except for purification. 
48l (R1 = 3-MeC6H4, R2 = H): Without purification to afford 48l (260 mg, 1.07 mmol, quant) as brown 
oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.07-7.24 (m, 4H), 3.79 (s, 4H), 2.76 (brs, 2H), 2.55 (s, 2H), 
2.42 (d, 2H, J = 2.7 Hz), 2.31 (s, 3H), 2.06 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 
137.90, 132.16, 128.78, 128.59, 128.12, 123.06, 85.15, 83.41, 80.41, 71.14, 66.55, 42.48, 22.65, 21.79, 
21.14 
48m (R1 = 4-MeC6H4, R2 = H): Without purification to afford 48m (221 mg, 0.91 mmol, quant) as 
yellow solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.28 (d, 2H, J = 8.2 Hz), 7.08 (d, 2H, J = 8.2 Hz), 3.78 
(s, 4H), 2.76 (brs, 2H), 2.54 (s, 2H), 2.41 (d, 2H, J = 2.7 Hz), 2.33 (s, 3H), 2.05 (t, 1H, J = 2.7 Hz); 
13C-NMR (CDCl3, 100 MHz): δ = 137.93, 131.42, 128.96, 120.20, 84.76, 83.34, 80.46, 71.10, 66.54, 
42.48, 22.70, 21.82, 21.36 
48n (R1 = 2-MeOC6H4, R2 = H) Purified by column chromatography (SiO2, hexane / EtOAc = 1/1) to 
afford 48n (194 mg, 0.75 mmol, 75%) as yellow oil. 1H NMR (CDCl3, 400 MHz): δ = 7.34 (dd, 1H, J 
= 1.4, 7.3 Hz), 7.25 (dt, 1H, J = 1.4, 8.2 Hz), 6.89 (dd, 1H, J = 1.4, 7.3 Hz), 6.84 (d, 1H, J = 7.3 Hz), 
3.85 (s, 3H), 3.82 (d, 1H, J = 11.0 Hz), 3.75 (d, 1H, J = 11.0 Hz), 2.94 (s, 2H), 2.59 (s, 2H), 2.49 (d, 
2H, J = 2.7 Hz), 2.04 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 159.96, 132.94, 129.26, 
120.42, 112.36, 110.38, 90.46, 80.53, 79.27, 70.98, 66.42, 55.61, 42.69, 23.42, 22.17; HRMS (ESI) 
calcd for C16H18O3Na (M+Na)+; 281.1148, found 281.1127. 
48o (R1 = 2-naphthyl, R2 = H) Purified by recrystallization (CH2Cl2/ hexane) to afford 48o (120 mg, 
0.43 mmol, 80%). 1H-NMR (CDCl3, 400 MHz): δ = 7.91 (s, 1H), 7.81-7.72 (m, 3H), 7.51-7.42 (m, 
3H), 3.85 (s, 4H), 2.63 (s, 2H), 2.51 (s, 2H), 2.09 (t, 1H, J = 2.7 Hz); 13C-NMR(CDCl3, 100 MHz): δ 
= 132.91, 132.57, 131.25, 128.49, 127.89, 127.69, 127.56, 126.56, 120.54, 85.92, 83.6680.39, 71.24, 
66.76, 42.55, 22.83, 21.92 
 
 
54a (R1 = R2 = H), 54b (R1 = R2 = Me), 54c (R1 = R2 = Et), 54d (R1 = R2 = nBu), 54e (R1 = R2 =  
nHex), 54h (R1 = R2 = Ph), 54i (R1 = R2 = 2-CF3C6H4), 54j (R1 = R2 = 2-naphthyl), 54k (R1 = Ph, R2 
= H), 54l (R1 = 3-MeC6H4, R2 = H), 54m (R1 = 4-MeC6H4, R2 = H), 54n (R1 = 2-MeOC6H4, R2 = H), 




54a (R1 = R2 = H): To a solution of 48a (650 mg, 4.2 mmol, 1.0 eq) in CH2Cl2 (10 mL) with pyridine 
(2 mL) was added catalytic amount of DMAP. Subsequently Tf2O (3.60 g, 12.8 mmol, 3.0 eq) was 
added at 0°C. After stirring for 40 minutes at rt, the reaction was quenched with 1 N HCl aq., extracted 
with CH2Cl2, washed with brine, and dried over MgSO4. Removal of solvent in vacuo afforded 54a 
(1.74 g, 4.2 mmol, quant) as a red solid.
 1H-NMR (CDCl3): δ 4.56 (s, 4H), 2.52 (d, 4H, J = 2.7 Hz), 
2.21 (t, 2H, J = 2.7 Hz); 13C-NMR (CDCl3): δ 123.3, 120.1, 116.9, 113.8, 75.9, 74.8, 73.7, 41.4, 21.3; 
IR (KBr) 3457, 3305, 3105, 2936, 1645, 1418, 1209, 1143, 939, 842, 630 cm-1; HRMS (ESI) calcd for 
C11H10F6O6S2Na (M+Na)+; 438.9715, found 438.9713. 
54b, e were synthesized in the same method of 54a (R = H). 
54b (R1 = R2 = Me): 51% yield as a yellow oil;
 1H-NMR (CDCl3): δ 4.50 (s, 4H), 2.38 (q, 4H, J = 2.7 
Hz), 1.79 (t, 6H, J = 2.7 Hz); 13C-NMR (CDCl3): δ 123.3, 120.2, 117.0, 113.8, 81.0, 75.6, 70.9, 41.8, 
21.7, 3.4; HRMS (ESI) calcd for C13H14F6O6S2Na (M+Na)+; 467.0028, found 467.0024.  
54e (R1 = R2 = nHex): quantitative yield as a yellow oil; 1H-NMR (CDCl3): δ 4.52 (s, 4H), 2.42 (t, 2H, 
J = 2.3 Hz), 2.16 (tt, 4H, J = 7.3, 2.3 Hz), 1.56-1.22 (m, 16H), 0.88 (t, 6H, J = 6.9 Hz); 13C-NMR 
(CDCl3): δ 118.6 (q, J = 320.1 Hz), 85.7, 75.7, 71.7, 41.8, 31.3, 28.6, 28.5, 22.5, 21.7, 18.5, 13.9; 
HRMS (ESI) calcd for C23H34F6O6S2Na (M+Na)+; 607.1593, found 607.1593. 
54c (R1 = R2 = Et): To a solution of 48c (R1 = R2 = Et) (88 mg, 0.42 mmol, 1.0 eq) in CH2Cl2 (10 mL) 
and pyridine (3 mL) was added catalytic amount of DMAP. To the solution was added Tf2O (357 mg, 
1.26 mmol, 3.0 eq) at 0°C. After be stirred for 20 min at rt, the reaction was quenched with 1 N HCl 
aq., extracted with CH2Cl2, and dried over MgSO4. Removal of solvent afforded crude 54c (R = Et), 
which was used for next transformation without further purification. 
54d (R1 = R2 = nBu): To a solution of 48c (R1 = R2 = nBu) (54 mg, 0.20 mmol, 1.0 eq) and pyridine 
(3 mL) in CH2Cl2 (10 mL) was added catalytic amount of DMAP. To the solution was added Tf2O 
(169 mg, 0.60 mmol, 3.0 eq) at 0°C. After stirring for 20 min at rt, the reaction was quenched with 1 
N HCl aq., extracted with CH2Cl2, and dried over MgSO4. After the removal of solvent in vacuo, the 
residue was filtrated by short column chromatography (SiO2, hexane/EtOAc = 4/1) to afford crude 
54d (R1 = R2 = nBu) (105 mg), which was used for next transformation without further purification. 
54h (R1 = R2 = Ph), 54i (R1 = R2 = 2-CF3C6H4), 54j (R1 = R2 = 2-naphthyl), 54k (R1 = Ph, R2 = H), 
54l (R1 = 3-MeC6H4, R2 = H), 54m (R1 = 4-MeC6H4, R2 = H), 54n (R1 = 2-MeOC6H4, R2 = H), 54o 
(R1 = 2-naphthyl, R2 = H) were synthesized in the same method of 54a except for purification. 
54h (R1 = R2 = Ph): Purified by short column chromatography (SiO2, hexane/EtOAc = 4/1) to afford 
54h (125.2 mg, 0.22 mmol, 82%). 1H-NMR (CDCl3): δ 7.49-7.45 (m, 4H), 7.39-7.33 (m, 6H), 4.71 (s, 
4H), 2.81 (s, 4H); 13C-NMR (CDCl3, 100 MHz): δ = 131.73, 128.65, 128.39, 122.20, 118.60 (q, J = 
319.2 Hz), 85.49, 81.06, 75.32, 42.37, 22.46 
54i (R1 = R2 = 2-CF3C6H4): Purified by column chromatography (SiO2, hexane/EtOAc = 20/1) to 
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afford titled compound 54i (2.52 g, 3.6 mmol, 48% yield). 1H-NMR (CDCl3, 400 MHz): δ = 7.67 (d, 
2H, J = 7.8 Hz), 7.59 (d, 2H, J = 7.8 Hz), 7.51 (t, 2H, J = 7.8 Hz), 7.44 (t, 2H, J = 7.8 Hz), 4.70 (s, 
4H), 2.87 (s, 4H); 13C-NMR (CDCl3, 100 MHz): δ = 134.23, 131.61, 131.45 (q, J = 29.7 Hz), 128.42, 
125.84 (q, J = 4.8 Hz), 123.61 (q, J = 272.2 Hz), 120.52 (q, J = 1.9 Hz), 118.63 (q, J = 319.2 Hz), 
87.28, 81.28, 75.08, 42.72, 22.44; 19F-NMR (CDCl3, 376 MHz): δ = -62.23, -73.94 
54j (R1 = R2 = 2-naphthyl): Purified by short column chromatography (SiO2, hexane/EtOAc = 4/1) to 
afford 54j (100% as yellow solid). 1H NMR (CDCl3): δ 8.02 (s, 2H), 7.87–7.80 (m, 6H), 7.56–7.50 
(m, 6H), 4.79 (s, 4H), 2.90 (s, 4H); 13C NMR (CDCl3): δ 132.9, 132.8, 131.7, 128.2, 128.1, 127.71, 
127.68, 126.8, 126.6, 119.4, 118.6 (q, J = 320.8 Hz), 85.8, 81.4, 75.4, 42.4, 22.6; 19F NMR (CDCl3, 
376 MHz): δ –73.7; HRMS (ESI) calcd for C31H22F6NaO6S2 (M+Na)+; 691.0654, found 691.0660. 
54k (R1 = Ph, R2 = H): Purified by short column chromatography (SiO2, hexane/EtOAc = 4/1) to afford 
54k (433 mg, 0.88 mmol, 68%). 1H-NMR (CDCl3): δ 7.44-7.40 (m, 2H), 7.35-7.32 (m, 3H), 4.62 (s, 
4H), 2.74 (s, 2H), 2.57 (d, 2H, J = 2.7 Hz), 2.23 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3): δ 131.73, 
128.71, 128.41, 122.11, 118.59 (q, J = 320.10 Hz), 85.51, 80.81, 76.09, 75.04, 73.74, 41.92, 22.28, 
21.47 
54l (R1 = 3-MeC6H4, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 97/3) to 
afford titled compound 54l (145 mg, 0.29 mmol, 28% yield) as brown oil. 1H-NMR (CDCl3, 400 
MHz): δ = 7.12-7.28 (m, 4H), 4.62 (s, 4H), 2.74 (s, 2H), 2.57 (d, 2H, J = 2.7 Hz), 2.34 (s, 3H), 2.23 
(t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 138.16, 132.28, 129.58, 128.80, 128.31, 118.60 
(q, J = 322.13 Hz), 121.92, 85.69, 80.39, 76.12, 75.06, 73.70, 41.92, 22.27, 21.45, 21.16 
54m (R1 = 4-MeC6H4, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 4/1) to 
afford titled compound 54m (285 mg, 0.56 mmol, 64% yield) as a yellow oil. 1H-NMR (CDCl3, 400 
MHz): δ = 7.31(d, 2H, J = 8.2 Hz), 7.13 (d, 2H, J = 8.2 Hz), 4.61(s, 4H), 2.73 (s, 2H), 2.56 (d, 2H, J 
= 2.7 Hz), 2.35 (s, 3H), 2.22 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 138.89, 131.62, 
129.16, 119.08,118.58 (q, J = 322.13 Hz), 85.64, 80.09, 76.18, 75.10, 73.67, 41.92, 22.34, 21.50, 21.42 
54n (R1 = 2-MeOC6H4, R2 = H): Purified by column chromatography (SiO2, CH2Cl2 only) to afford 
titled compound 54n (281 mg, 0.54 mmol, 73% yield) as a white solid. 1H-NMR (CDCl3, 400 MHz): 
δ = 7.39 (dd, 1H, J = 1.4, 7.3 Hz), 7.32 (dt, 1H, J = 1.4, 8.2 Hz), 6.93 (dd, 1H, J = 1.4, 7.3 Hz),6.89 
(d, 1H, J = 7.3 Hz), 4.71 (s, 2H), 3.88 (s, 3H), 2.78 (s, 2H), 2.63 (d, 2H, J = 2.7 Hz), 2.24 (t, 1H, J = 
2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 160.48, 132.89, 129.94, 123.32, 120.31, 120.15, 116.96, 
113.78, 111.38, 110.42, 85.28, 81.76, 76.29, 75.33, 73.44, 55.39, 41.98, 22.42, 21.27; HRMS (ESI) 
calcd for C18H16F6O7S2Na (M+Na)+; 545.0134, found 545.0120. 
54o (R1 = 2-naphthyl, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 4/1) to 
afford titled compound 54o (113 mg, 0.21 mmol, quant) as a brown oil. 1H-NMR (CDCl3, 400 MHz): 
δ = 7.95 (s, 1H), 7.85-7.76 (m, 3H), 7.54-7.42 (m, 3H), 4.69-4.62 (m, 4H), 2.80 (s, 2H), 2.61(d, 2H, J 
= 2.7 Hz), 2.25 (t, 1H, J = 2.7 Hz); 13C-NMR(CDCl3, 100 MHz): δ = 132.92, 132.84, 131.79, 128.23, 
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128.14, 127.76, 127.73, 12691, 126.69, 119.35, 118.63 (q, J = 321.09 Hz), 85.87, 81.11, 76.12, 75.06, 
73.79, 41.98, 22.40, 21.52 
 
 
46a (R1 = R2 = H), 46b (R1 = R2 = Me), 46c (R1 = R2 = Et), 46d (R1 = R2 = nBu), 46e (R1 = R2 = 
nHex), 46h (R1 = R2 = Ph), 46i (R1 = R2 = 2-CF3C6H4), 46h (R1 = R2 = Ph), 46i (R1 = R2 = 2-CF3C6H4), 
46j (R1 = R2 = 2-naphthyl), 46k (R1 = Ph, R2 = H), 46l (R1 = 3-MeC6H4, R2 = H), 46m (R1 = 4-MeC6H4, 
R2 = H), 46n (R1 = 2-MeOC6H4, R2 = H), 46o (R1 = 2-naphthyl, R2 = H) 
 
46a (R1 = R2 = H): To a solution of 54a (2.5 g, 6.0 mmol, 1.0 eq) in DMF (50 mL) was added NaN3 
(1.95 g, 30.0 mol, 5.0 eq). After stirring for 0.5 h at 80°C, the reaction was quenched with 1N HCl aq., 
extracted with EtOAc/hexane, and dried over MgSO4. After the removal of solvent in vacuo, the 
residue was purified by column chromatography (SiO2, hexane/EtOAc = 5/1) to afford 46a (1.16 g, 
5.70 mmol, 95% yield) as a clear oil. 1H-NMR (CDCl3): δ 3.45 (s, 4H), 2.34 (d, 4H, J = 2.8 Hz), 2.09 
(t, 2H, J = 2.8 Hz); 13C-NMR (CDCl3): δ 78.9, 72.0, 54.1, 41.7, 23.0; IR (KBr) 3297, 2928, 2867, 
2532, 2372, 2104, 1732, 1445, 1291, 650 cm-1; HRMS (ESI) calcd for C9H10N6Na (M+Na)+; 225.0859, 
found 225.0857. 
46b (R1 = R2 = Me): To a solution of 54b (R = Me) (194 mg, 0.43 mmol, 1.0 eq) in DMF (5 mL) was 
added NaN3 (312 mg, 4.8 mmol, 10 eq). After stirring for 1 h at 80°C, the reaction was quenched with 
1N HCl aq., extracted with diethyl ether, washed with 1N HCl aq., and dried over MgSO4. After the 
removal of solvent, the residue was purified by column chromatography (SiO2, hexane/EtOAc = 9/1) 
to afford titled compound 46b (75.9 mg, 0.33 mmol, 77% yield) as a yellow oil. 1H-NMR (CDCl3): δ 
3.37 (s, 4H), 2.21 (q, 4H, J = 2.7 Hz), 1.78(t, 6H, J = 2.7 Hz); 13C-NMR (CDCl3): δ 79.1, 73.7, 54.5, 
42.1, 23.4, 3.53; HRMS (APCI) calcd for C11H15N6 (M+H)+; 231.1353, found 231.1347. 
46c (R1 = R2 = Et), 46d (R = nBu) and 46j (R = 2-naphthyl) were synthesized in same method of 46a, 
which were used for next transformation without further purification. 
46e (R1 = R2 = nHex) was synthesized in same method of 46a: 73% yield as a yellow oil; 1H-NMR 
(CDCl3): δ 3.44 (s, 4H), 2.26 (t, 2H, J = 2.3 Hz), 2.16 (tt, 4H, J = 7.3, 2.3 Hz), 1.53-1.22 (m, 16H), 
0.89 (t, 6H, J = 6.9 Hz); 13C-NMR (CDCl3): δ 84.0, 74.5, 54.6, 42.2, 31.3, 28.9, 28.6, 23.4, 22.6, 18.7, 
14.0; HRMS (ESI) calcd for C21H35N6 (M+H)+; 371.2918, found 371.2909. 




46h (R1 = R2 = Ph): Purified by column chromatography (SiO2, hexane/EtOAc = 20/1) to afford 46h 
(71 mg, 0.20 mmol, 95% yield) as a clear oil. 1H-NMR (CDCl3): δ 7.48-7.43 (m, 4H), 7.35-7.31 (m, 
6H), 3.57 (s, 4H), 2.64 (s, 4H); 13C-NMR (CDCl3, 100 MHz):δ = 131.65, 128.27, 128.12, 123.02, 
84.36, 84.05, 54.66, 42.63, 24.22 
46i (R1 = R2 = 2-CF3C6H4): Purified by column chromatography (SiO2, hexane/EtOAc = 15/1) to 
afford 46i (42.3 mg, 0.086 mmol, 92% yield) as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.65 (d, 
2H, J = 7.8 Hz), 7.58 (d, 2H, J = 7.8 Hz), 7.49 (t, 2H, J = 7.8 Hz), 7.40 (t, 2H, J = 7.8 Hz), 3.57 (s, 
4H), 2.67 (s, 4H); 13C-NMR(CDCl3, 100 MHz): δ = 134.19, 131.44, 131.18, 127.84, 125.74 (q, J = 
5.8 Hz), 123.64 (q, J = 274.1 Hz), 121.39 (q, J = 1.9 Hz), 90.67, 79.89, 54.15, 42.91, 24.16; 19F-
NMR(CDCl3, 376 MHz): δ (ppm) = -62.07 
46k (R1 = Ph, R2 = H), 46l (R1 = 3-MeC6H4, R2 = H), 46m (R1 = 4-MeC6H4, R2 = H), 46n (R1 = 2-
MeOC6H4, R2 = H), 46o (R1 = 2-naphthyl, R2 = H) were synthesized in same method of 46a except 
for purification. 
46k (R1 = Ph, R2 = H): Without purification to afford 46k (227 mg, 0.82 mmol, 99%). 1H-NMR 
(CDCl3): δ7.43-7.40 (m, 2H), 7.33-7.28 (m, 3H), 3.51 (s, 4H), 2.56 (s, 2H), 2.39 (d, 2H, J = 2.7 Hz),  
2.11 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3): δ 131.61, 128.26, 128.12, 122.92, 84.14, 83.98, 78.96, 
71.98, 54.29, 42.09, 23.95, 23.12 
46l (R1 = 3-MeC6H4, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 4/1) to 
afford titled compound 46l (85.0 mg, 0.29 mmol, quant) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): 
δ = 7.10-7.26 (m, 4H), 3.51 (s, 4H), 2.56 (s, 2H), 2.40 (d, 2H, J = 2.7 Hz), 2.33 (s, 3H), 2.11 (t, 1H, J 
= 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 137.99, 132.23, 129.04, 128.71, 128.19, 122.76, 84.18, 
83.74, 71.97, 71.92, 54.34, 42.14, 23.99, 23.16, 21.17 
46m (R1 = 4-MeC6H4, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 5/1) to 
afford titled compound 46m (163 mg, 0.55 mmol, quant) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): 
δ = 7.31 (d, 2H, J = 8.2 Hz), 7.11 (d, 2H, J = 8.2 Hz), 3.50 (s, 4H), 2.55 (s, 2H), 2.39 (d, 2H, J = 2.7 
Hz), 2.35 (s, 3H), 2.11 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 138.24, 131.52, 129.03, 
119.88, 84.10, 83.36, 79.06, 71.95, 54.37, 42.15, 24.02, 23.17, 21.41 
46n (R1 = 2-MeOC6H4, R2 = H): Purified by column chromatography (SiO2, hexane/EtOAc = 7/3) to 
afford titled compound 46n (165.3 mg, 0.53 mmol, quant) as a yellow oil. 1H-NMR (CDCl3, 400 
MHz): δ = 7.38 (dd, 1H, J = 1.4, 7.3 Hz), 7.28 (dt, 1H, J = 1.4, 8.2 Hz), 6.91 (dd, 1H, J = 1.4, 7.3 Hz), 
6.86 (d, 1H, J = 7.3 Hz), 3.86 (s, 3H), 3.54 (s, 2H), 2.59 (s, 2H), 2.43 (d, 2H, J = 2.7 Hz), 2.12 (t, 1H, 
J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 160.18, 133.01, 129.36, 120.23, 112.13, 110.37, 88.46, 
80.20, 79.12, 71.79, 55.49, 54.17, 42.15, 24.19, 22.93; HRMS (APCI) calcd for C16H17N6O (M+H)+; 
309.1458, found 309.1439. 
46o (R1 = 2-naphthyl, R2 = H): Without purification to afford 46o (63.8 mg, 0.19 mmol, 93%). 1H-
NMR (CDCl3): δ7.93 (s, 1H), 7.81-7.77 (m, 3H), 7.51-7.43 (m, 3H), 3.54 (s, 4H), 2.62 (s, 2H) 
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2.43 (d, 2H, J = 2.7 Hz), 2.13 (t, 1H, J = 2.7 Hz); 13C-NMR (CDCl3): δ132.89, 132.68, 131.43, 128.46, 




45a (R1 = R2 = H), 45b (R1 = R2 = Me), 45c (R1 = R2 = Et), 45d (R1 = R2 = nBu), 45e (R1 = R2 = 
nHex), 45h (R1 = R2 = Ph), 45i (R1 = R2 = 2-CF3C6H4), 45j (R1 = R2 = 2-naphthyl), 45k (R1 = Ph, R2 
= H), 45l (R1 = 3-MeC6H4, R2 = H), 45m (R1 = 4-MeC6H4, R2 = H), 45n (R1 = 2-MeOC6H4, R2 = H), 
45o (R1 = 2-naphthyl, R2 = H) 
 
45a (R1 = R2 = H): A solution of 46a (20.0 mg, 0.098 mmol, 1.0 eq) in toluene (3 mL) was heated in 
a microwave oven at 170°C for 2.5 h. The removal of solvent afforded 45a (R = H) (18.8 mg, 0.093 
mmol, 94% yield) as a white solid. 1H-NMR (DMSO-d6): δ 7.52 (s, 2H), 4.60 (d, 2H, J = 11.4 Hz), 
4.51 (d, 2H, J = 11.4 Hz), 3.22 (d, 2H, J = 15.6 Hz), 3.12 (d, 2H, J = 15.6 Hz); 13C-NMR (DMSO-d6): 
δ 140.3, 127.0, 60.3, 56.2, 33.4; IR (KBr) 3120, 2988, 1550, 1446, 1328, 1273, 1210, 1101, 992, 858, 
620 cm-1; HRMS (ESI) calcd for C9H10N6Na (M+Na)+; 225.0859, found 225.0857. 
45b (R1 = R2 = Me): A solution of 46b (R = Me) (10.5 mg, 0.045 mmol, 1.0 eq) in toluene (5 mL) was 
heated in a microwave oven at 150°C for 5 h. After the removal of solvent, the residue was 
recrystallized from CH2Cl2/EtOAc to afford 45b (R = Me) (5.6 mg, 0.024 mmol, 53% yield) as a white 
solid. 1H-NMR (CDCl3): δ 4.47 (d, 2H, J = 11.9 Hz), 4.42 (d, 2H, J = 11.9 Hz), 3.12 (d, 2H, J = 15.6 
Hz), 3.05 (d, 2H, J = 15.6 Hz), 2.28 (s, 6H); 13C-NMR (CDCl3): δ 136.9, 135.9, 61.0, 57.1, 33.9, 10.6; 
HRMS (ESI) calcd for C11H14N6Na (M+Na)+; 253.1172, found 253.1162. 
45c (R1 = R2 = Et): A solution of 46c (R = Et) (108 mg as a crude) in toluene (5 mL) was heated in a 
microwave oven at 170°C for 2.5 h. After the removal of solvent, the residue was purified by column 
chromatography (SiO2, CH2Cl2/MeOH = 9/1) to afford 45c (R = Et) (81.0 mg, 0.31 mmol, 75% yield 
from 48c) as a yellow oil. 1H-NMR (CDCl3): δ 4.47 (d, 2H, J = 11.9 Hz), 4.42 (d, 2H, J = 11.9 Hz), 
3.16 (d, 2H, J = 15.6 Hz), 3.09 (d, 2H, J = 15.6 Hz), 2.74 (q, 4H, J = 7.3 Hz), 1.27 (t, 6H, J = 7.3 Hz); 
13C-NMR (CDCl3): δ 142.4, 135.3, 60.6, 56.6, 34.1, 18.6, 12.9; HRMS (ESI) calcd for C13H18N6Na 
(M+Na)+; 281.1485, found 281.1476. 
45d (R1 = R2 = nBu): A solution of 46d (R = nBu) (90.1 mg as a crude) in toluene (5 mL) was heated 
in a microwave oven at 170°C for 2.5 h. After the removal of solvent, the residue was purified by 
column chromatography (SiO2, CH2Cl2/MeOH = 9/1) to afford 45d (R = nBu) (35.2 mg, 0.11 mmol, 
56% yield from 48d) as a yellow oil. 1H-NMR (CDCl3): δ 4.45 (d, 2H, J = 11.9 Hz), 4.39 (d, 2H, J = 
11.9 Hz), 3.12 (d, 2H, J = 15.6 Hz), 3.04 (d, 2H, J = 15.6 Hz), 2.64 (t, 4H, J = 7.3 Hz), 1.59 (quin, 4H, 
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J = 7.3 Hz), 0.89 (t, 6H, J = 7.3 Hz); 13C-NMR (CDCl3): δ 141.5, 135.5, 60.7, 56.7, 34.3, 30.9, 25.1, 
22.2, 13.7; HRMS (ESI) calcd for C17H26N6Na (M+Na)+; 337.2111, found 337.2101. 
45e (R1 = R2 = nHex): A solution of 46e (R = nHex) (30.0 mg 0.081 mmol, 1.0 eq) in toluene (5 mL) 
was heated in a microwave oven at 150°C for 10 h. After the removal of solvent, the residue was 
purified by column chromatography (SiO2, CH2Cl2/MeOH = 9/1) to afford 45e (R = nHex) (34.0 mg, 
0.091 mmol, quant) as a yellow oil. 1H-NMR (CD3OD): δ 4.59 (d, 2H, J = 11.9 Hz), 4.51 (d, 2H, J = 
11.9 Hz), 3.24 (d, 2H, J = 15.6 Hz), 3.15 (d, 2H, J = 15.6 Hz), 2.67 (t, 4H, J = 7.8 Hz), 1.72-1.59 (m, 
4H),1.42-1.25 (m, 12H), 0.95 (t, 6H, J = 6.9 Hz); 13C-NMR (CD3OD): δ 142.2, 138.4, 61.9, 57.8, 34.8, 
32.7, 29.97, 29.95, 26.1, 23.7, 14.4; HRMS (ESI) calcd for C21H34N6Na (M+Na)+; 393.2737, found 
393.2728. 
45h (R1 = R2 = Ph): A solution of 46h (20.0 mg, 0.056 mmol, 1.0 eq) in toluene (3 mL) was heated in 
a microwave oven at 150°C for 12 h. After the removal of solvent, residue was recrystallized from 
CH2Cl2/hexane to afford 45h (21 mg, 0.059 mmol, quant.) as a white solid. 1H-NMR (DMSO-d6): δ 
7.75 (d, 4H, J = 7.3 Hz), 7.43 (t, 4H, J = 7.3 Hz), 7.31 (t, 2H, J = 7.3 Hz), 4.71 (d, 2H, J = 11.9 Hz), 
4.66 (d, 2H, J = 11.9 Hz), 3.54 (d, 2H, J = 16.5 Hz), 3.49 (d, 2H, J = 16.5 Hz); 13C-NMR (DMSO-d6): 
δ 138.92, 137.15, 131.00, 128.90, 127.46, 124.94, 60.61, 56.40, 34.70 
45i (R1 = R2 = 2-CF3C6H4): A solution of 46i (17.0 mg, 0.035 mmol, 1.0 eq) in toluene (5 mL) was 
heated in a microwave oven at 150°C for 10 h. After the removal of solvent, residue was purified by 
column chromatography (SiO2, CH2Cl2/EtOAc = 1/1) to afford 45i (18.0 mg, 0.036 mmol, quant.) as 
a white solid. 1H-NMR (CDCl3): δ 7.75 (d, 2H, J = 8.2 Hz), 7.65-7.58 (m, 4H), 7.56-7.50 (m, 2H), 
4.64 (d, 2H, J = 12.4 Hz), 4.55 (d, 2H, J = 12.4 Hz), 3.25 (d, 2H, J = 16.0 Hz), 3.17 (d, 2H, J = 16.0 
Hz); 13C-NMR (CDCl3): δ 138.81, 137.63, 132.76, 132.03, 129.34, 128.96, 128.13 (q, J = 31.6 Hz), 
126.23 (q, J = 5.8 Hz), 124.86 (q, J = 273.2 Hz), 60.80, 57.00, 34.71 
45j (R1 = R2 = 2-naphthyl): A solution of crude diazide 46j (0.53 mmol) in DMF (10 mL) was heated 
in a microwave oven at 160 °C for 10 h. After removal of the solvent, the residue was purified by short 
column chromatography (SiO2, acetone only). The mixture obtained was purified by recrystallization 
(CH2Cl2/ether) to afford 45j (235 mg, 0.52 mmol, 98% yield from 54j) as a white solid. 1H NMR 
(DMF-d7): δ 8.37 (s, 2H), 8.09 (dd, 2H, J = 8.9, 1.4 Hz), 8.07–8.03 (m, 4H), 7.96 (d, 2H, J = 7.6 Hz), 
7.57–7.50 (m, 4H), 4.96 (d, 2H, J = 11.7 Hz), 4.93 (d, 2H, J = 11.7 Hz), 3.85 (d, 2H, J = 16.5 Hz), 
3.82 (d, 2H, J = 16.5 Hz); 13C NMR (DMF-d7): δ 140.1, 138.3, 134.4, 133.4, 129.8, 129.2, 128.7, 
128.4, 127.2, 126.7, 124.2, 124.1, 61.9, 57.2, 36.0; HRMS (ESI) calcd for C29H22N6Na (M+Na)+; 
477.1798, found 477.1801. The resolution of 45j was readily achieved by HPLC. Conditions: Daicel 
Chiralpak IC, CH2Cl2/iPrOH = 9/1, flow rate = 8 mL/min; first peak (tr = 55 min) in HPLC, (–)-(M)- 
45j: [α]D23 = -343.9 (c 0.17, THF); second peak (tr = 59 min) in HPLC, (+)-(P)- 45j: [α]D23 = +365.3 




45k (R1 = Ph, R2 = H): A solution of 46k (100.0 mg, 0.36 mmol, 1.0 eq) in toluene (15 mL) was heated 
in a microwave oven at 160°C for 6 h. After the removal of solvent, residue was purified by column 
chromatography (SiO2, CH2Cl2/EtOAc = 1/1 ~ CH2Cl2/MeOH = 4/1) to afford 45k (64.4 mg, 0.23 
mmol, 64% yield) as a white solid. 1H-NMR (CDCl3): δ 7.72-7.66 (m, 2H), 7.49 (s, 1H), 7.40 (t, 2H, 
J = 7.8 Hz), 7.34-7.28 (m, 1H), 4.53 (d, 1H, J = 11.9 Hz), 4.50 (d, 1H, J = 11.9 Hz), 4.49 (d, 1H, J = 
11.9 Hz), 4.44 (d, 1H, J = 11.9 Hz), 3.35 (d, 1H, J = 16.0 Hz), 3.27 (d, 1H, J = 16.0 Hz), 3.23 (d, 1H, 
J = 16.0 Hz), 3.17 (d, 1H, J = 16.0 Hz); 13C-NMR (CDCl3): δ 140.45, 139.02, 135.37, 130.28, 128.94, 
128.04, 127.81, 125.20, 60.87, 56.87, 56.63, 35.30, 34.41 
45l (R1 = 3-MeC6H4, R2 = H): A solution of 46l (70.0 mg, 0.24 mmol, 1.0 eq) in toluene (5 mL) was 
heated in a microwave oven at 170°C for 3 h. After the removal of solvent, residue was recrystallized 
from CH2Cl2/hexane to afford 45l (47.9 mg, 0.16 mmol, 68%) as a white solid. 1H-NMR (CDCl3): δ 
7.58 (s, 1H), 7.53 (s, 1H), 7.49 (d, 1H, J = 7.3 Hz), 7.31 (t, 1H, J = 7.3 Hz), 7.15 (d, 1H, J = 7.3 Hz), 
4.57 (d, 1H, J = 12.4 Hz), 4.55 (d, 1H, J = 11.9 Hz), 4.53 (d, 1H, J = 12.4 Hz), 4.50 (d, 1H, J = 11.9 
Hz), 3.40 (d, 1H, J = 16.0 Hz), 3.32 (d, 1H, J = 16.0 Hz), 3.26 (d, 1H, J = 16.0 Hz), 3.20 (d, 1H, J = 
16.0 Hz), 2.39 (s, 3H); 13C-NMR (CDCl3): δ 140.80, 138.97, 138.76, 135.17, 130.19, 128.91, 128.87, 
127.96, 125.94, 122.41, 61.00, 56.96, 56.68, 35.48, 34.46, 21.46 
45m (R1 = 4-MeC6H4, R2 = H): A solution of 45n (20.0 mg, 0.068 mmol, 1.0 eq) in toluene (3 mL) 
was heated in a microwave oven at 170°C for 3 h. After the removal of solvent, residue was 
recrystallized from CH2Cl2/hexane to afford 45m (21.0 mg, 0.071 mmol, quant.) as a white solid.  
1H-NMR (CDCl3): δ 7.61 (d, 2H, J = 7.8 Hz), 7.52 (s, 1H), 7.23 (d, 2H, J = 7.8 Hz), 4.56 (d, 1H, J = 
12.4 Hz), 4.54 (d, 1H, J = 11.9 Hz), 4.52 (d, 1H, J = 12.4 Hz), 4.48 (d, 1H, J = 11.9 Hz), 3.37 (d, 1H, 
J = 16.0 Hz), 3.30 (d, 1H, J = 16.0 Hz), 3.26 (d, 1H, J = 16.0 Hz), 3.20 (d, 1H, J = 16.0 Hz), 2.37 (s, 
3H); 13C-NMR (CDCl3): δ 140.78, 138.98, 138.04, 134.85, 129.65, 127.92, 127.50, 125.23, 60.99, 
56.96, 56.69, 35.40, 34.48, 21.26 
45n (R1 = 2-MeOC6H4, R2 = H): A solution of 46n (163.0 mg, 0.52 mmol, 1.0 eq) in toluene (20 mL) 
was heated in a microwave oven at 150°C for 10 h. After the removal of solvent, 45n (153.0 mg, 0.50 
mmol, 94% yield) was afforded as a white solid. 1H-NMR (CDCl3): δ 8.14 (dd, 1H, J = 1.4, 7.3 Hz), 
7.34 (s, 1H), 7.09 (dt, 1H, J = 0.9, 7.8 Hz), 6.94 (d, 1H, J = 7.8 Hz), 4.58 (d, 1H, J = 11.9 Hz), 4.56 
(d, 1H, J = 11.9 Hz), 4.53 (d, 1H, J = 11.9 Hz), 4.52 (d, 1H, J = 11.9 Hz), 3.40 (d, 1H, J = 16.5 Hz), 
3.33 (d, 1H, J = 16.5 Hz), 3.24 (d, 1H, J = 16.5 Hz), 3.18 (d, 1H, J = 16.5 Hz); 13C-NMR (CDCl3): δ 
155.21, 139.22, 137.44, 137.01, 129.21, 128.09, 127.48, 120.84, 119.23, 110.50, 59.50, 56.60, 56.59, 
54.91, 37.13, 34.01; HRMS (APCI) calcd for C16H17N6O (M+H)+; 309.1458, found 309.1438. 
45o (R1 = 2-naphthyl, R2 = H): A solution of 46o (62.0 mg, 0.19 mmol, 1.0 eq) in toluene (6 mL) was 
heated in a microwave oven at 160°C for 6 h. After the removal of solvent, the residue was 
recrystallized from CH2Cl2/hexane to afford 45o (59.6 mg, 0.18 mmol, 96%) as a white solid. 
1H-NMR (DMSO-d6, 400 MHz): δ = 8.24 (s, 1H), 8.00-7.88 (m, 4H), 7.58 (s, 1H), 7.55-7.45 (m. 2H), 
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4.70 (d, 1H, J = 11.4 Hz), 4.67 (d, 1H, J = 11.4 Hz), 4.64 (d, 1H, J = 11.4 Hz), 4.61 (d, 1H, J = 11.4 
Hz), 3.59 (d, 1H, J = 16.5 Hz), 3.49 (d, 1H, J = 16.5 Hz), 3.31 (d, 1H, J = 16.5 Hz), 3.25 (d, 1H, J = 
16.5 Hz), 13C-NMR (DMSO-d6, 100 MHz): δ = 140.35, 138.94, 137.58, 133.23, 132.27, 128.55, 
128.52, 127.97, 127.70, 127.16, 126.59, 126.08, 123.33, 123.28, 60.52, 56.56, 56.17, 34.88, 33.66 
 
 
74a (R1 = R2 = H, R3 = Me, X = I), 74b (R1 = R2 = H, R3 = Et, X = I), 74c (R1 = R2 = H, R3 = nPr, X 
= I), 74d (R1 = R2 = H, R3 = iPr, X = I), 74e (R1 = R2 = H, R3 = nBu, X = I), 74f (R1 = R2 = H, R3 = 
nHex, X = I), 74g (R1 = R2 = H, R3 = Bn, X = Br), 74h (R1 = R2 = H, R3 = 2-MeOC6H4CH2, X = Br), 
74i (R1 = R2 = H, R3 = 2-NHTsC6H4CH2, X = Br), 74k (R1 = R2 = H, R3 = Ph2CH2, X = Br), 76a (R1 
= R2 = H, R3 = Me, X = N(SO2CF3)2), 76b (R1 = R2 = H, R3 = Et, X = N(SO2CF3)2), 76e (R1 = R2 = 
H, R3 = nBu, X = N(SO2CF3)2), 76g (R1 = R2 = H, R3 = Bn, X = N(SO2CF3)2), 76g’ (R1 = R2 = H, R3 
= Bn, X = N(SO2(CF2)2CF3)2), (+)-74t (R1 = Ph, R2 = H, R3 = Me, X = I), 74v (R1 = 3-MeC6H4, R2 = 
H, R3 = Me, X = I), 74l (R1 = R2 = Me, R3 = Et, X = I), 74m (R1 = R2 = R3 = Et, X = I), 74n (R1 = R2 
= nBu, R3 = Et, X = I), 74o (R1 = R2 = nHex, R3 = nBu, X = I), 74p (R1 = R2 = Ph, R3 = Me, X = I), 
76n (R1 = R2 = nBu, R3 = Et, X = N(SO2CF3)2), 76o (R1 = R2 = nHex, R3 = nBu, X = N(SO2CF3)2). 
 
74a (R1 = R2 = H, R3 = Me, X = I): To a solution of 44a (30 mg, 0.15 mmol, 1.0 eq) in MeCN (5 mL) 
was added MeI (50 mg, 0.03 mmol, 10 eq). The mixture was refluxed for 24 h. After the removal of 
solvent in vacuo, the residue was washed with hexane/ether, affording 72aa (85 mg, 0.17 mmol, quant) 
as a yellow solid. 1H-NMR (CD3OD, 400 MHz): δ 8.57 (s, 2H), 5.17 (d, 2H, J = 13.3 Hz), 5.09 (d, 2H, 
J = 13.3 Hz), 4.41 (s, 3H), 3.80 (d, 2H, J = 16.9 Hz), 3.71 (d, 2H, J = 16.9 Hz); 13C-NMR (CD3OD, 
100 MHz): δ 146.5, 128.0, 61.3, 58.6, 41.4, 36.7; IR (KBr) 3490, 3126, 3069, 2938, 1589, 1428, 1349, 
1289, 1156, 1067 cm-1; HRMS (ESI) calcd for C11H16IN6 (M-I-)+; 359.0476, found 359.0465. 
(+)-74a was synthesized in same method of 74a in quantitative yield; [α]D16 = +0.51 (c 1.23, CH3OH) 
74b (R1 = R2 = H, R3 = Et, X = I): Titled compound was synthesized in same method to 74a (R1 = R2 
= H, R3 = Me, X = I) except for use of EtI instead of MeI. 80% yield as a yellow solid; 1H-NMR 
(CD3OD): δ 8.66 (s, 2H), 5.22 (d, 2H, J = 13.3 Hz), 5.13 (d, 2H, J = 13.3 Hz), 4.75 (q, 4H, J = 7.3 
Hz), 3.85 (d, 2H, J = 16.9 Hz), 3.75 (d, 2H, J = 16.9 Hz), 1.71 (t, 6H, J = 7.3 Hz); 13C-NMR (CD3OD): 
δ 146.3, 126.7, 61.5, 58.5, 51.3, 36.9, 15.0; IR (KBr) 3519, 3460, 3065, 2980, 2374, 1589, 1429, 1342, 
1161, 1072 cm-1, ; HRMS (ESI) calcd for C13H20IN6 (M-I-)+; 387.0789, found 387.0780. 
(+)-74b was synthesized in same method of 74b in quantitative yield; [α]D17 = +0.73 (c 1.25, CH3OH) 
74c (R1 = R2 = H, R3 = nPr, X = I): To a solution of (+)-45a (5.0 mg, 0.024 mmol, 1.0 eq) in MeCN 
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(3 mL) was added nPrI (20.3 mg, 0.12 mmol, 5.0 eq). The mixture was heated in a microwave oven 
at 140°C for 3.5 h. After the removal of solvent in vacuo, the residue was washed with EtOAc to afford 
(-)-74c (R1 = R2 = H, R3 = nPr, X = I) (12.8 mg, 0.024 mmol, quant.) as an white solid. 
1H-NMR (CD3OD, 400 MHz): δ = 8.64 (s, 2H), 5.18 (d, 2H, J = 13.3 Hz), 5.10 (d, 2H, J = 13.3 Hz) 
4.66 (t, 4H, J = 7.3 Hz), 3.82 (d, 2H, J = 17.4 Hz), 3.73 (d, 2H, J = 17.4 Hz), 2.10 (sex, 4H, J = 7.3 
Hz), 1.07 (t, 6H, J = 7.3 Hz), 13C-NMR (CD3OD, 100MHz): δ = 146.43, 127.00, 61.49, 58.48, 57.29, 
36.90, 24.13, 11.09; [α]D22 = -0.44 (c 0.64, CH3OH) 
74d (R1 = R2 = H, R3 = iPr, X = I): To a solution of 45a (100 mg, 0.49 mmol, 1.0 eq) in MeCN (10 
mL) was added iPrI (420 mg, 2.5 mmol, 5.0 eq). The mixture was heated in a microwave oven at 
140°C for 8 h. After the removal of solvent in vacuo, the residue was recrystallized with MeOH/EtOAc 
to afford 74d (R1 = R2 = H, R3 = iPr, X = I) (169 mg, 0.31 mmol, 64%) as an orange solid.; 1H-NMR 
(DMF-d7): δ 9.04 (s, 2H), 5.41 (d, 2H, J = 12.8 Hz), 5.29 (d, 2H, J = 12.8 Hz), 5.26 (quin, 2H, J = 
6.9Hz), 3.98 (d, 2H, J = 16.9 Hz), 3.85 (d, 2H, J = 16.9 Hz), 1.67 (d, 12H, J = 6.9 Hz); 13C-NMR 
(DMF-d7): δ 146.19, 124.99, 60.97, 59.01, 58.16, 36.16, 22.36; HRMS (ESI) calcd for C15H24IN6 (M-
I-)+; 415.1102, found 415.1104. 
74e (R1 = R2 = H, R3 = nBu, X = I): Titled compound was synthesized in same method to 74a except 
for use of nBuI instead of MeI. Quantitative yield as a yellow solid; 1H-NMR (DMF-d7): δ 9.02 (s, 
2H), 5.45 (d, 2H, J = 13.7 Hz), 5.33 (d, 2H, J = 13.7 Hz), 4.81 (t, 4H, J = 6.9 Hz), 3.99 (d, 2H, J = 
17.9 Hz), 3.87 (d, 2H, J = 17.9 Hz), 1.96 (m, 4H), 1.52-1.39 (m, 4H), 1.01 (t, 6H, J = 7.8 Hz); 13C-
NMR (DMF-d7): δ 162.9, 146.3, 125.5, 122.3, 119.1, 115.9, 60.9, 58.0, 54.4, 36.2, 32.1, 19.6, 13.5; 
IR (KBr) 3053, 2950, 2870, 2374, 1581, 1433, 1368, 1180, 1153, 1066 cm-1; HRMS (ESI) calcd for 
C17H28IN6 (M-I-)+; 443.1415, found 443.1404. 
(-)-74e was synthesized in same method of 74e in quantitative yield; [α]D22 = -0.35 (c 0.69, CH3OH) 
74f (R1 = R2 = H, R3 = nHex, X = I): A solution of 45a (50 mg, 0.24 mmol, 1.0 eq) and nHexI (245 
mg, 1.2 mmol, 5.0 eq) in MeCN (5 mL) was heated in a microwave oven at 140°C for 4 h. After the 
removal of solvent in vacuo, the residue was washed with hexane/EtOAc to afford 74f (R1 = R2 = H, 
R3 = nHex, X = I) (176 mg, 0.28 mmol, quant) as a yellow solid. 1H-NMR (CD3OD): δ 5.26 (d, 2H, J 
= 12.4Hz), 5.16 (d, 2H, J = 12.4Hz), 4.71 (q, 4H, J = 7.3Hz), 3.88 (d, 2H, J = 16.9Hz), 3.77 (d, 2H, J 
= 16.9Hz), 2.08 (quin, 4H, J = 7.3Hz), 1.31-1.54 (m, 12H), 0.94 (t, 6H, J = 7.3Hz); 13C-NMR 
(CD3OD): δ 146.2, 127.0, 126.8, 126.5, 61.7, 58.4, 55.8, 37.1, 32.2, 30.5, 26.9, 23.4, 14.4 (the protons 
on triazolium ring were deuterized.); IR (KBr) 3046, 2933, 2861, 2373, 1581, 1456, 1431, 1352, 1191, 
1153 cm-1; HRMS (ESI) calcd for C21H36IN6 (M-I-)+; 499.2041, found 499.2028. 
(-)-74f was synthesized in same method of 74f in 81% yield; [α]D13 = -2.56 (c 0.25, CH3OH) 
74g (R1 = R2 = H, R3 = Bn, X = Br): A solution of 45a (30 mg, 0.15 mmol, 1.0 eq) and BnBr (253 mg, 
1.5 mmol, 10 eq) in MeCN (5 mL) was heated in a microwave oven at 110°C for 10 h. After the 
removal of solvent in vacuo, the residue was washed with hexane/EtOAc to afford 74g (R1 = R2 = H, 
82 
 
R3 = Bn, X = Br) (67 mg, 0.11 mmol, 71% yield) as a brown oil. 1H-NMR (CD3OD): δ 8.65 (s, 2H), 
7.59-7.57 (m, 4H), 7.47-7.44 (m, 6H), 5.91 (s, 4H), 5.16 (d, 2H, J = 12.8Hz), 5.07 (d, 2H, J = 12.8Hz), 
3.76 (d, 2H, J = 17.4Hz), 3.66 (d, 2H, J = 17.4Hz); 13C-NMR (CD3OD): δ 146.7, 133.7, 130.8, 130.4, 
130.4, 126.8, 61.4, 58.9, 58.4, 36.7; IR (KBr) 3403, 3050, 2995, 2948, 1628, 1587, 1448, 1345, 1154, 
1037, 718 cm-1; HRMS (ESI) calcd for C23H24BrN6 (M-Br-)+; 463.1240, found 463.1223; (+)-74g was 
synthesized in same method of 74g in 88% yield; [α]D13 = +3.12 (c 0.84, CH3OH) 
74h (R1 = R2 = H, R3 = 2-MeOC6H4CH2, X = Br): To a solution of 45a (18 mg, 0.089 mmol, 1.0 eq) 
in MeCN (5 mL) was added 1-(bromomethyl)-2-methoxybenzene (71 mg, 0.035 mmol, 4.0 eq). The 
mixture was refluxed for 24 h. After the removal of solvent in vacuo, the residue was recrystallized 
from CH2Cl2/EtOAc, affording 74h (R1 = R2 = H, R3 = 2-MeOC6H4CH2, X = Br) (64 mg, 0.9 mmol, 
quant) as a white solid. 1H-NMR (CDCl3): δ 8.51 (s, 2H), 7.44 (d, 2H, J = 6.9 Hz), 7.34 (t, 2H, J = 7.8 
Hz), 6.91 (t, 2H, J = 6.9 Hz), 6.87 (d, 4H, J = 7.8 Hz), 5.69 (s, 4H), 5.48 (d, 2H, J = 13.7 Hz), 5.29 (d, 
2H, J = 13.7 Hz), 3.99 (d, 2H, J = 16.0 Hz), 3.85 (d, 2H, J = 16.0 Hz), 3.82 (s, 6H); 13C-NMR (CDCl3): 
δ 157.53, 144.73, 131.88, 131.66, 126.05, 120.97, 119.19, 111.03, 59.91, 57.72, 55.84, 53.81, 36.03 
74i (R1 = R2 = H, R3 = 2-NHTsC6H4CH2, X = Br): To a solution of 45a (15 mg, 0.09 mmol, 1.0 eq) in 
MeCN (5 mL) was added N-(2-(bromomethyl)phenyl)-4-methylbenzenesulfonamide (95 mg, 0.28 
mmol, 4.0 eq). The mixture was refluxed for 24 h. After the removal of solvent in vacuo, the residue 
was recrystallized from CH2Cl2/EtOAc, affording 74i (R1 = R2 = H, R3 = 2-NHTsC6H4CH2, X = Br) 
(69.9 mg, 0.07 mmol, quant) as a white solid. 1H-NMR (CD3OD, 400 MHz): δ (ppm) = 8.56 (s, 2H), 
7.60-7.56 (m, 6H), 7.37-7.33 (m, 6H), 7.24-7.20 (m, 2H), 6.56 (dd, 2H, J = 7.8, 0.9 Hz), 6.09 (s, 4H), 
5.19 (d, 2H, J = 12.8 Hz), 5.09 (d, 2H, J = 12.8 Hz), 3.79 (d, 2H, J = 16.9 Hz), 3.69 (d, 2H, J = 16.9 
Hz), 2.43 (s, 6H) ; 13C-NMR (CD3OD, 100 MHz): δ (ppm) = 146.53, 145.63, 137.53, 136.64, 132.72, 
132.46, 131.52, 130.82, 129.70, 129.66, 128.66, 127.39, 61.24, 58.71, 55.64, 36.57, 21.55 
74k (R1 = R2 = H, R3 = Ph2CH, X = Br): To a solution of 45a (20 mg, 0.099 mmol, 1.0 eq) in MeCN 
(2 mL) was added Diphenylbromomethane (98.8 mg, 0.40 mmol, 4.0 eq). The mixture was heated at 
60°C for 6 h. After the removal of solvent in vacuo, the residue was recrystallized from MeOH//EtOAc, 
affording 74k (R1 = R2 = H, R3 = Ph2CH, X = Br) (52.4 mg, 0.075 mmol, 76%) as a white solid. 1H-
NMR (CD3OD, 400 MHz):δ (ppm) = 8.56 (s, 2H), 7.52 (s, 2H), 7.49-7.43 (m, 12H), 7.40-7.36 (m, 
8H), 5.14 (d, 2H, J = 13.3 Hz), 5.06 (d, 2H, J = 13.3 Hz), 3.75 (d, 2H, J = 16.9 Hz), 3.66 (d, 2H, J = 
16.9 Hz) ; 13C-NMR (CD3OD, 100 MHz): δ (ppm) = 146.78, 137.12, 130.55, 130.30, 129.71, 127.11, 
73.38, 61.89, 58.16, 37.07 
76a (R1 = R2 = H, R3 = Me, X = N(SO2CF3)2): To a solution of 74a (15 mg, 0.031 mmol, 1.0 eq) in 
H2O (3 mL) was added LiN(CF3SO2)2 (20.5 mg, 0.015 mmol, 2.3 eq). The reaction mixture was stirred 
for 21 h at rt. After the removal of solvent, the residue was washed with H2O and dried in vacuo, 
affording 76a (R1 = R2 = H, R3 = Me, X = N(SO2CF3)2) (25.1 mg, 0. 031 mmol, quant) as a white 
solid.
 1H-NMR (CD3OD): δ 8.50 (s, 2H), 5.10 (d, 2H, J = 13.3 Hz), 5.02 (d, 2H, J = 13.3 Hz), 4.38 (s, 
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3H), 3.74 (d, 2H, J = 16.9 Hz), 3.66 (d, 2H, J = 16.9 Hz); 13C-NMR (CD3OD): δ 146.4, 127.8, 126.0, 
122.7, 119.6, 115.8, 61.1, 58.5, 41.3, 36.5; 19F-NMR (CD3OD): δ -80.6; IR (KBr) 3397, 3136, 3039, 
1591, 1400, 1354, 1204, 1143, 1057, 618, 514 cm-1; HRMS (ESI) calcd for C13H16F6N7O4S2 (M-
TfN-)+; 512.0604, found 512.0586. 
76b (R1 = R2 = H, R3 = Et, X = N(SO2CF3)2), 76e (R1 = R2 = H, R3 = nBu, X = N(SO2CF3)2), 76g (R1 
= R2 = H, R3 = Bn, X = N(SO2CF3)2), 76g’ (R1 = R2 = H, R3 = Bn, X = N(SO2(CF2)2CF3)2) were 
synthesized in same method to 76a. 
76b (R1 = R2 = H, R3 = Et, X = N(SO2CF3)2): 84% yield as a clear oil; 1H-NMR (CD3OD): δ 8.55 (s, 
2H), 5.06 (d, 2H, J = 13.3 Hz), 4.98 (d, 2H, J = 13.3 Hz), 4.70 (q, 4H, J = 7.3 Hz), 3.71 (d, 2H, J = 
16.9 Hz), 3.62 (d, 2H, J = 16.9 Hz), 1.67 (t, 6H, J = 7.3 Hz); 13C-NMR (CD3OD): δ 146.2, 126.3, 
124.3, 122.2, 120.1, 118.0, 61.0, 58.5, 51.2, 36.3, 14.7; IR (KBr) 3430, 3132, 3027, 1589, 1450, 1353, 
1197, 1143, 1057, 620 cm-1; HRMS (ESI) calcd for C15H20F6N7O4S2 (M-TfN-)+; 540.0917, found 
540.0895. 
76e (R1 = R2 = H, R3 = nBu, X = N(SO2CF3)2): quantitative yield as a yellow solid;
 1H-NMR (DMF-
d7): δ 8.93 (s, 2H), 5.38 (d, 2H, J = 12.8 Hz), 5.26 (d, 2H, J = 12.8 Hz), 4.79 (q, 4H, J = 7.3 Hz), 3.95 
(d, 2H, J = 16.9 Hz), 3.82 (d, 2H, J = 16.9 Hz), 1.97 (quin, 4H, J = 7.3 Hz), 1.37 (sext, 4H), 0.92 (t, 
6H, J = 7.3 Hz); 13C-NMR (DMF-d7): δ 162.9, 146.3, 125.5, 122.3, 119.1, 115.9, 60.9, 58.0, 54.4, 36.2, 
32.1, 19.6, 13.5; IR (KBr) 3446, 3021, 2402, 1644, 1525, 1338, 1214, 1138, 1056, 672 cm-1; HRMS 
(ESI) calcd for C19H28F6N7O4S2 (M-TfN-)+; 596.1543, found 596.1525. 
76g (R1 = R2 = H, R3 = Bn, X = N(SO2CF3)2): quantitative yield as a brown oil;
 1H-NMR (CD3OD): 
δ 8.53 (s, 2H), 7.53-7.50 (m, 4H), 7.47-7.43 (m, 6H), 5.84 (s, 4H), 5.04 (d, 2H, J = 13.3 Hz), 4.96 (d, 
2H, J = 13.3 Hz), 3.66 (d, 2H, J = 17.4 Hz), 3.58 (d, 2H, J = 17.4 Hz); 13C-NMR (CD3OD): δ 146.7, 
133.5, 130.8, 130.4, 130.3, 126.6, 125.9, 122.7, 119.5, 116.4, 61.2, 59.0, 58.3, 36.4; IR (KBr) 3489, 
3024, 2927, 2858, 2375, 2113, 1645, 1456, 1212, 764 cm-1; HRMS (ESI) calcd for C25H24F6N7O4S2 
(M-TfN-)+; 664.1230, found 664.1209. 
76g’ (R1 = R2 = H, R3 = Bn, X = N(SO2(CF2)2CF3)2): 79% yield as a brown solid;
 1H-NMR (CD3OD): 
δ 8.54 (s, 2H), 7.53-7.50 (m, 4H), 7.45-7.44 (m, 6H), 5.84 (s, 4H), 5.05 (d, 2H, J = 13.3 Hz), 4.96 (d, 
2H, J = 13.3 Hz), 3.67 (d, 2H, J = 16.9 Hz), 3.57 (d, 2H, J = 16.9 Hz); 19F-NMR (CD3OD): δ -82.3, -
114.8, -125.5; IR (KBr) 3456, 3188, 3068, 3008, 2544, 2375, 1590, 1453, 1353, 1221, 1069, 867 cm-
1; HRMS (ESI) calcd for C29H24F14N7O4S2 {M-(CF3(CF2)2SO2)2N-}+; 864.1102, found 864.1079. 
(+)-74t (R1 = Ph, R2 = H, R3 = Me, X = I): To a solution of (-)-45k (6.4 mg, 0.23 mmol, 1.0 eq) in 
MeCN (3 mL) was added MeI (16.3 mg, 0.11 mmol, 5.0 eq). The mixture was heated in a microwave 
oven at 130°C for 3 h. After the removal of solvent in vacuo, the residue was recrystallized with 
MeOH/ether to afford (+)-74t (R1 = Ph, R2 = H, R3 = Me, X = I) (8.9 mg, 0.016 mmol, 70%) as a 
brown solid. 1H-NMR (CD3OD): δ 8.57 (s, 1H), 7.80-7.77 (m, 2H), 7.70-7.67 (m, 3H), 5.22 (d, 1H, J 
= 13.1 Hz), 5.18 (d, 1H, J = 13.1 Hz), 5.14 (d, 1H, J = 13.1 Hz), 5.13 (d, 1H, J = 13.1 Hz), 4.40 (s, 
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3H), 4.36 (s, 3H), 3.88-3.74 (m, 4H); 13C-NMR (CD3OD): δ 146.36, 144.12, 139.20, 132.93, 130.85, 
130.65, 129.63, 123.75, 61.52, 61.47, 58.58, 41.33, 40.15, 36.82, 36.76; [α]D18 = +1.35 (c 0.45, 
CH3OH) 
74v (R1 = 3-MeC6H4, R2 = H, R3 = Me, X = I): To a solution of 45l (10.0 mg, 0.034 mmol, 1.0 eq) in 
MeCN (3 mL) was added MeI (24.0 mg, 0.17 mmol, 5.0 eq). The mixture was heated in a microwave 
oven at 130°C for 6 h. After the removal of solvent in vacuo, the residue was recrystallized with 
CH2Cl2/EtOAc to afford 74v (R1 = 3-MeC6H4, R2 = H, R3 = Me, X = I) (21.1 mg, 0.036 mmol, quant) 
as a brown solid. 1H-NMR (CD3OD): 8.57 (s, 1H), 7.64-7.46 (m, 4H), 5.24 (d, 1H, J = 13.6 Hz), 5.22 
(d, 1H, J = 12.8 Hz), 5.17 (d, 1H, J = 12.8 Hz), 5.16 (d, 1H, J = 13.6 Hz), 4.40 (s, 3H), 4.34 (s, 3H), 
3.89 (d, 1H, J = 16.9 Hz), 3.86 (d, 1H, J = 17.4 Hz), 3.80 (d, 1H, J = 16.9 Hz), 3.79 (d, 1H, J = 17.4 
Hz), 2.47 (s, 3H); 13C-NMR (CD3OD): δ146.46, 144.04, 141.23, 139.35, 133.62, 130.99, 130.70, 
128.01, 127.73, 123.62, 61.58, 61.56, 58.55, 41.47, 40.22, 36.95, 36.92, 21.37 
74l (R1 = R2 = Me, R3 = Et, X = I): A solution of 45b (13.7 mg, 0.059 mmol, 1.0 eq) and EtI (46 mg, 
0.3 mmol, 5.0 eq) in MeCN (3 mL) was heated in a microwave oven at 130°C for 3 h. After the 
removal of solvent in vacuo, the residue was washed with hexane/EtOAc to afford 74l (R1 = R2 = Me, 
R3 = Et, X = I) (31 mg, 0.057 mmol, 97% yield) as a brown oil.
 1H-NMR (CD3OD): δ 5.10 (d, 2H, J 
= 12.8 Hz), 5.04 (d, 2H, J = 12.8 Hz), 4.62 (q, 4H, J = 7.8 Hz), 3.72 (d, 2H, J = 16.0 Hz), 3.66 (d, 2H, 
J = 16.0 Hz), 2.57 (s, 6H), 1.65 (t, 6H, J = 7.8 Hz); 13C-NMR (CD3OD): δ 144.0, 136.4, 61.3, 58.6, 
48.4, 36.3, 14.3, 9.3; IR (KBr) 3449, 3110, 2938, 2437, 1621, 1441, 1348, 1227, 1090, 755 cm-1; 
HRMS (ESI) calcd for C15H24IN6 (M-I-)+; 415.1102, found 415.1085. 
74m (R1 = R2 = R3 = Et, X = I): A solution of 45c (14 mg, 0.054 mmol, 1.0 eq) and EtI (42 mg, 0.27 
mmol, 5.0 eq) in MeCN (3 mL) was heated in a microwave oven at 140°C for 4 h. After the removal 
of solvent in vacuo, the residue was washed with CH2Cl2/EtOAc to afford 74m (R1 = R2 = R3 = Et, X 
= I) (25.1 mg, 0.044 mmol, 82% yield) as a yellow oil.
 1H-NMR (CD3OD): δ 5.08 (d, 2H, J = 13.3 
Hz), 5.04 (d, 2H, J = 13.3 Hz), 4.60 (q, 4H, J = 7.3 Hz), 3.81 (d, 2H, J = 17.4 Hz), 3.76 (d, 2H, J = 
17.4 Hz), 2.97 (q, 4H, J = 7.3 Hz), 1.65 (t, 6H, J = 7.3 Hz), 1.42 (t, 6H, J = 7.3 Hz); 13C-NMR 
(CD3OD): δ 143.5, 141.0, 61.0, 58.6, 48.4, 37.2, 18.2, 14.4, 11.2; IR (KBr) 3509, 2978, 1615, 1452, 
1362, 1304, 1266, 1087, 993, 611, 498 cm-1; HRMS (ESI) calcd for C17H28IN6 (M-I-)+; 443.1415, 
found 443.1397. 
74n (R1 = R2 = nBu, R3 = Et, X = I): To a solution of 45d (7.0 mg, 0.022 mmol, 1.0 eq) and EtI (17 
mg, 0.1 mmol, 5.0 eq) in MeCN (3 mL) was heated in a microwave oven at 150°C for 2.5 h. After the 
removal of solvent in vacuo, the residue was washed with CH2Cl2/EtOAc to afford 74n (R1 = R2 = 
nBu, R3 = Et, X = I) (14.2 mg, 0.022 mmol, quant) as a yellow oil.
 1H-NMR (CD3OD): δ 5.08 (d, 2H, 
J = 13.3 Hz), 5.04 (d, 2H, J = 13.3 Hz), 4.61 (q, 4H, J = 7.3 Hz), 3.78 (d, 2H, J = 16.9 Hz), 3.73 (d, 
2H, J = 16.9 Hz), 2.94 (t, 4H, J = 7.3 Hz), 1.79 (quin, 4H, J = 7.3 Hz), 1.65 (t, 6H, J = 7.3 Hz), 1.50 
(sext, 4H, J = 7.3 Hz), 1.02 (t, 6H, J = 7.3 Hz); 13C-NMR (CD3OD): δ 143.5, 140.1, 61.0, 58.5, 48.3, 
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37.2, 29.6, 24.2, 23.5, 14.5, 14.0; IR (KBr) 3021, 2942, 2403, 1603, 1520, 1429, 1357, 1215, 928, 672 
cm-1; HRMS (ESI) calcd for C21H36IN6 (M-I-)+; 499.2041, found 499.2024. 
74o (R1 = R2 = nHex, R3 = nBu, X = I): To a solution of 45e (6.3 mg, 0.017 mmol, 1.0 eq) and nBuI 
(16 mg, 0.085 mmol, 5.0 eq) in MeCN (3 mL) was heated in a microwave oven at 140°C for 5 h. 
After the removal of solvent in vacuo, the residue was washed with hexane/EtOAc to afford 74o (R1 
= R2 = nHex, R3 = nBu, X = I) (11.5 mg, 0. 16 mmol, 94% yield) as a yellow oil. 1H-NMR 
(CD3OD): δ 5.05 (d, 2H, J = 13.7 Hz), 5.04 (d, 2H, J = 13.7 Hz), 4.56 (t, 4H, J = 7.3 Hz), 2.94 (d, 
2H, J = 6.9 Hz), 2.92 (d, 2H, J = 6.9 Hz), 2.00 (m, 4H), 1.80 (m, 4H), 1.54-1.37 (m, 16H), 1.02 (t, 
6H, J = 7.8 Hz), 0.93 (t, 6H, J = 6.9 Hz) ; 13C-NMR (CD3OD): δ 143.55, 140.27, 61.10, 58.50, 
52.62, 37.40, 32.49, 32.01, 30.03, 27.60, 24.54, 23.58, 20.62, 14.41, 13.82; IR (KBr) 3021, 2957, 
2938, 2868, 2403, 1601, 1517, 1429, 1215, 672 cm-1; HRMS (ESI) calcd for C29H52IN6 (M-I-)+; 
611.3293, found 611.3270. (-)-74o was synthesized in same method of 74o in 94% yield; [α]D22 = -
0.30 (c 1.78, CHCl3). 
74p (R1 = R2 = Ph, R3 = Me, X = I): To a solution of 45h (20.0 mg, 0.056 mmol, 1.0 eq) in MeCN (3 
mL) was added MeI (80.1 mg, 0.56 mmol, 10.0 eq). The mixture was heated in a microwave oven at 
130°C for 3 h. After the removal of solvent in vacuo, the residue was recrystallized from 
MeOH/CH2Cl2/hexane, affording 74p (R1 = R2 = Ph, R3 = Me, X = I) (33.6 mg, 0.053 mmol, 95%) as 
a white solid. 1H-NMR (DMSO-d6): δ 7.83-7.78 (m, 4H), 7.70-7.65 (m, 6H), 5.21 (d, 2H, J = 12.8 
Hz), 5.14 (d, 2H, J = 12.8 Hz), 4.38 (s, 6H), 3.84 (d, 2H, J = 16.9 Hz), 3.75 (d, 2H, J = 16.9 Hz) ; 13C-
NMR (DMSO-d6): δ 142.86, 136.61, 131.51, 129.54, 129.10, 122.55, 59.61, 57.03, 34.90, 26.19 
HRMS (ESI) calcd for C23H24IN6 (M-I-)+; 511.1102, found 511.1097. 
76n (R1 = R2 = nBu, R3 = Et, X = N(SO2CF3)2): To a solution of 74n (8.0 mg, 0.012 mmol, 1.0 eq) in 
MeOH (1 mL) was added LiN(CF3SO2)2 (7.5 mg, 0.026 mmol, 2.2 eq).  After stirring for 24 h at rt, 
the crude mixture was extracted with EtOAc. Removal of solvent in vacuo afforded 76n (R1 = R2 = 
nBu, R3 = Et, X = N(SO2CF3)2) (8.2 mg, 0. 0088 mmol, 73% yield) as a yellow oil.
 1H-NMR (CD3CN): 
δ 4.81 (d, 2H, J = 13.3 Hz), 4.75 (d, 2H, J = 13.3 Hz), 4.47 (q, 4H, J = 7.3 Hz), 3.51 (d, 2H, J = 16.0 
Hz), 3.43 (d, 2H, J = 16.0 Hz), 2.80 (t, 4H, J = 7.8 Hz), 1.65 (quin, 4H, J = 7.3 Hz), 1.53 (t, 6H, J = 
7.8 Hz), 1.40 (sext, 4H, J = 7.8 Hz), 0.93 (t, 6H, J = 7.3 Hz); 13C-NMR (CD3CN): δ 142.8, 139.6, 
125.6, 122.4, 119.2, 116.1, 60.2, 58.1, 48.1, 36.1, 29.1, 23.4, 22.8, 14.6, 13.7; 19F-NMR (CD3CN): δ -
80.1; IR (KBr) 3432, 3022, 2931, 2863, 2402, 1636, 1520, 1330, 1213, 1143, 1057, 673 cm-1; HRMS 
(ESI) calcd for C23H36F6N7O4S2 (M-TfN-)+; 652.2169, found 652.2143. 
76o (R1 = R2 = nHex, R3 = nBu, X = N(SO2CF3)2): To a solution of 74o (7.3 mg, 0.0098 mmol, 1.0 
eq) in MeOH (1 mL) was added LiN(CF3SO2)2 (6.2 mg, 0.021 mmol, 2.2 eq). The mixture was 
stirred for 20 h at rt. After the removal of solvent in vacuo, the residue was purified by column 
chromatography (SiO2, CH2Cl2/EtOAc = 1/1) to afford 76o (R1 = R2 = nHex, R3 = nBu, X = 
N(SO2CF3)2) (10.5 mg, 0. 010 mmol, quant) as a yellow oil.
 1H-NMR (CDCl3): δ 5.00 (d, 2H, J = 
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13.7 Hz), 4.91 (d, 2H, J = 13.7 Hz), 4.37 (t, 4H, J = 7.8 Hz), 2.76 (m, 4H), 1.96 (m, 4H), 1.69 (m, 
4H), 1.50-1.24 (m, 16H), 1.00 (t, 6H, J = 7.3 Hz), 0.88 (t, 6H, J = 6.9 Hz); 13C-NMR (CDCl3): δ 
141.8, 138.9, 121.1, 117.9, 59.6, 56.9, 51.6, 36.3, 30.9, 30.6, 28.8, 26.1, 23.4, 22.3, 19.5, 13.8, 13.2; 
19F-NMR (CDCl3): δ -78.9; IR (KBr) 3440, 3022, 2965, 2869, 2402, 1612, 1344, 1213, 1138, 1055, 
673 cm-1; HRMS (ESI) calcd for C31H52F6N7O4S2 (M-TfN-)+; 764.3421, found 764.3392. (-)-76o 







66: To a mixture of bis(2,2,2-trifluoroethyl) malonate (1.5 g, 5.4 mmol, 1.0 eq.) in toluene (50 ml) was 
added 3-Butyn-1-ol (946 mg, 13.5 mmol, 2.5 eq.) and Ph3P (4.3 g, 16.0 mmol, 3.3 eq.). To this solution 
was added ADDP (5.0 g, 19.0 mmol, 3.5 eq.) in toluene (50 ml). After increaseing temperature for 
50°C, toluene (50 ml) was added to the reaction. After being stirred for 16 h at 50°C, reaction was 
cool to rt and filtrated by short column chromatography (SiO2, CH2Cl2) to afford crude 66. Which was 
purified by column chromatography (SiO2, hexane/EtOAc = 93/7) to afford 66 (1.67 g, 4.5 mmol, 83% 
yield) as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 4.51 (q, 4H, J = 8.2 Hz), 2.32-2.18 (m, 8H), 
1.97 (t, 2H, J = 2.7 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 168.32, 122.56 (q, J = 277.0 Hz), 82.03, 
69.41, 61.14 (q, J = 37.4 Hz), 56.45, 31.37, 13.73; HRMS (ESI) calcd for C15H14F6O4Na (M+Na)+; 





63: To a mixture of lithium aluminium hydride (118 mg, 3.1 mmol, 2.0 eq) in THF (50 mL) was added 
66 (573 mg, 1.5 mmol, 1.0 eq) in THF (10 ml) at 0°C. After being stirred at rt for overnight, the 
reaction was quenched by saturated aqueous solution of Rochelle salt. After being stirred for 30 
minutes at rt, extracted with EtOAc, dried over Na2SO4. The organic layer was concentrated in vacuo. 
The residue was purified by short column chromatography (SiO2, EtOAc only) to afford 63 (279 mg, 
1.5 mol, quantitative yield) as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 3.55 (s, 4H), 2.20 (dt, 
4H, J = 8.2, 2.7 Hz), 1.98 (t, 2H, J = 2.7 Hz), 1.59 (t, 4H, J = 8.2 Hz); 13C-NMR (CDCl3, 100 MHz): 
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62: To a solution of 63 (680 mg, 3.7 mmol, 1.0 eq) in CH2Cl2 (30 mL) with pyridine (5 mL) was added 
catalytic amount of DMAP. Subsequently Tf2O (3.20 g, 11.3 mmol, 3.0 eq) was added at 0°C. After 
stirring for 30 minutes at rt, the reaction was quenched with 1 N HCl aq., extracted with CH2Cl2, 
washed with brine, and dried over MgSO4. Removal of solvent in vacuo afforded 62 (1.51 g, 3.4 mmol, 
92%) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 4.47 (s, 4H), 2.29 (dt, 4H, J = 7.8, 2.7 Hz), 
2.05 (t, 2H, J = 2.7 Hz), 1.76 (t, 4H, J = 7.8 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 118.51 (q, J = 
321.1 Hz), 81.80, 75.47, 70.30, 41.62, 28.17, 12.48; HRMS (ESI) calcd for C13H14F6O6S2Na (M+Na)+; 





60: To a solution of 62 (30.0 mg, 0.067 mmol, 1.0 eq) in DMF (3 mL) was added NaN3 (22.0 mg, 0.34 
mmol, 5.0 eq). After stirring for 1 h at rt, the reaction was heated at 100°C for 1 h. The reaction was 
quenched with H2O, extracted with CH2Cl2, washed with H2O, and dried over Na2SO4. Removal of 
solvent in vacuo afforded 60 (12.4 mg, 0.054 mmol, 81%) as a yellow solid. 1H-NMR (CDCl3, 400 
MHz): δ = 7.53 (s, 2H), 4.32 (d, 2H, J = 13.7 Hz), 4.26 (d, 2H, J = 13.7 Hz), 2.98 (t, 4H, J = 6.9 Hz), 
1.99 (t, 4H, J = 6.9 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 131.54, 130.82, 51.97, 34.50, 34.50, 28.52, 







69: To a solution of 63 (50.0 mg, 0.27 mol, 1.0 eq) in DMF (15 mL) was added imidazole (94.4 mg, 
1.39 mmol, 5.0 eq) and TBSCl (50.6 mg, 0.33 mol, 1.2 eq) at 0°C, and the reaction stirred at 0°C for 
10 minutes. After stirring for overnight at rt, the solvent was evaporated, and which was purified by 
column chromatography (SiO2, hexane/EtOAc = 3/1) to afford 69 (58.5 mg, 0.20 mmol, 74% yield) 
as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 3.51 (d, 2H, J = 6.0 Hz), 3.50 (s, 2H), 2.48 (t, 1H, J = 
6.0 Hz), 2.23-2.15 (m, 4H), 1.96 (t, 2H, J = 2.3 Hz), 1.68-1.49 (m, 4H), 0.90 (s, 9H), 0.07 (s, 6H); 13C-
NMR (CDCl3, 100 MHz): δ = 84.62, 68.31, 68.06, 66.98, 41.49, 30.07, 25.80, 18.10, 12.85, -5.71; 





70: To a solution of 69 (55.0 mg, 0.18 mmol, 1.0 eq.) in CH2Cl2 (20 mL) with pyridine (2 mL) was 
added catalytic amount of DMAP. Subsequently Tf2O (105.4 mg, 0.37 mmol, 2.0 eq) was added at 
0°C. After stirring for 1 h at rt, the reaction was quenched with saturated aqueous solution of NH4Cl, 
extracted with CH2Cl2, washed with brine, and dried over Na2SO4. The organic layer was concentrated 
in vacuo. The residue was purified by short column chromatography (SiO2, hexane/EtOAc=4/1) to 
afford 70 (66.6 mg, 0.16 mmol, 89%) as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 4.42 (s, 2H), 
3.43 (s, 2H), 2.22 (dt, 4H, J = 7.3, 2.3 Hz), 1.98 (t, 2H, J = 2.7 Hz), 1.68-1.56 (m, 4H), 0.89 (s, 9H), 
0.06 (s, 6H); 13C-NMR (CDCl3, 100 MHz): δ = 118.56 (q, J = 321.1 Hz), 83.20, 77.49, 69.09, 63.32, 




71: To a solution of 70 (32.0 mg, 0.070 mmol, 1.0 eq) in DMF (10 mL) was added NaN3 (24.4 mg, 
0.38 mmol, 5.0 eq). After stirring for 4 h at 40°C, the reaction was heated at 110°C for overnight. 
Solvent was evaporated and the residue was purified by column chromatography (SiO2, hexane/EtOAc 
= 1/1) to afford 71 (15.0 mg, 0.05 mmol, 71% yield) as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 
7.46 (s, 1H), 4.19 (s, 2H), 3.53 (d, 1H, J = 10.5 Hz), 3.43 (d, 1H, J = 10.5 Hz), 2.84 (dt, 2H, J = 6.9, 
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3.7 Hz), 2.25 (dt, 2H, J = 7.8, 2.7 Hz), 1.96 (t, 1H, J = 2.7 Hz), 1.93-1.61 (m, 4H), 0.88 (s, 9H), 0.02 
(s, 6H) ; 13C-NMR (CDCl3, 100 MHz): δ = 132.10, 130.63, 83.68, 68.94, 65.18, 51.56, 38.63, 32.19, 






72: To a solution of 71 (96.0 mg, 0.30 mmol, 1.0 eq) in THF (20 mL) was added TBAF (1.0 M in THF, 
0.45 ml, 0.45 mmol, 1.5 eq). After stirring for overnight at rt, solvent was evaporated and the residue 
was purified by column chromatography (SiO2, CH2Cl2/acetone = 1/1) to afford 72 (53.3 mg, 0.26 
mmol, 87% yield) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.41 (s, 1H), 4.26 (d, 1H, J = 13.3 
Hz), 4.07 (d, 1H, J = 13.3 Hz), 3.58 (s, 2H), 2.84 (t, 2H, J = 6.4 Hz), 2.30 (dt, 2H, J = 7.8, 2.7 Hz), 
1.98 (t, 1H, J = 2.7 Hz), 1.97-1.41 (m, 4H); 13C-NMR (CDCl3, 100 MHz): δ = 132.32, 130.30, 83.98, 
68.97, 63.66, 51.63, 38.46, 32.32, 26.43, 16.43, 12.92; HRMS (ESI) calcd for C11H15N3OiNa 




(+)-73: To a solution of (+)-72 (15.0 mg, 0.073 mmol, 1.0 eq.) in CH2Cl2 (10 mL) with pyridine (1 
mL) was added catalytic amount of DMAP. Subsequently Tf2O (41.0 mg, 0.14 mmol, 2.0 eq) was 
added at 0°C. After stirring for 30 minutes at rt, the reaction was quenched with H2O, extracted with 
CH2Cl2, and dried over Na2SO4. The organic layer was concentrated in vacuo. The residue was purified 
by short column chromatography (SiO2, EtOAc only) to afford (+)-73 (18.7 mg, 0.055 mmol, 76%) as 
a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.51 (s, 1H), 4.52 (s, 2H), 4.37 (d, 1H, J = 13.7 Hz), 
4.30 (d, 1H, J = 13.7 Hz), 2.95 (td, 2H, J = 6.4, 4.1 Hz), 2.33 (td, 2H, J = 7.3, 2.7 Hz), 2.06 (t, 1H, J 
= 2.7 Hz), 2.04-1.91 (m, 2H), 1.84 (td, 2H, J = 7.3, 1.4 Hz); 13C-NMR (CDCl3, 131.19, 130.98, 118.48 
(q, J = 319.2 Hz), 82.14, 70.41, 50.95, 38.13, 31.09, 26.16, 16.10, 12.89, 12.86; HRMS (ESI) calcd 
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(-)-60: To a solution of (+)-73 (16.0 mg, 0.047 mmol, 1.0 eq) in DMF (3 mL) was added NaN3 (7.8 
mg, 0.12 mmol, 2.5 eq). After stirring for 1 h at rt, the reaction was heated at 100°C for overnight. The 
reaction was quenched with H2O, extracted with CH2Cl2, washed with H2O, and dried over Na2SO4. 
Removal of solvent in vacuo afforded (-)-60 (8.1 mg, 0.035 mmol, 75%) as a white solid; [α]D17 = -




75a (R3 = Me), 75b (R3 = Et), 75c (R3 = nBu), 75d (R3 = nHex),  
75a (R3 = Me): A solution of 60 (5.0 mg, 0.021 mmol, 1.0 eq) and MeI (15.0 mg, 0.11 mmol, 5.0 eq) 
in MeCN (2 mL) was heated in a microwave oven at 130°C for 3 h. After the removal of solvent in 
vacuo, the residue was recrystallized by MeOH/CH2Cl2/hexane to afford 75a (12.4 mg, 0.024 mmol, 
quant) as a brown solid. 1H-NMR (CD3OD, 400 MHz): δ = 8.54 (s, 2H), 4.80 (d, 2H, J = 14.2 Hz), 
4.66 (d, 2H, J = 14.2 Hz), 4.35 (s, 6H), 3.35-3.12 (m, 4H), 2.23 (t, 4H, J = 6.9 Hz); 13C-NMR (CD3OD, 
100 MHz): δ  = 140.78, 130.01, 54.78, 40.77, 34.83, 27.38, 17.56; HRMS (ESI) calcd for C13H20IN6 
(M-I-)+; 387.0789, found 387.0791. 
75b (R3 = Et): A solution of 60 (5.0 mg, 0.021 mmol, 1.0 eq) and EtI (17.0 mg, 0.11 mmol, 5.0 eq) in 
MeCN (2 mL) was heated in a microwave oven at 130°C for 6 h. After the removal of solvent in vacuo, 
the residue was washed with CH2Cl2/hexane to afford 75b (11.5 mg, 0.021 mmol, quant) as a brown 
solid. 1H-NMR (CD3OD, 400 MHz): δ = 8.61 (s, 2H), 4.82 (d, 2H, J = 14.2 Hz), 4.68 (q, 4H, J = 7.8 
Hz), 4.66 (d, 2H, J = 14.2 Hz), 4.35 (s, 6H), 3.35-3.12 (m, 4H), 2.23 (t, 4H, J = 6.9 Hz); 13C-NMR 
(CD3OD, 100 MHz): δ  = 140.71, 128.65, 54.82, 50.62, 34.84, 27.57, 17.62, 14.63; HRMS (ESI) calcd 
for C15H24IN6 (M-I-)+; 415.1102, found 415.1104. 
75c (R3 = nBu) and 75d (R3 = nHex) were synthesized in same method to 75b except for use of alkyl 
iodide. 
75c (R3 = nBu): (10.5 mg, 0.018 mmol, 86%), 1H-NMR (CD3OD, 400 MHz): δ = 8.61 (s, 2H), 4.84 
(d, 2H, J = 14.2 Hz), 4.66 (d, 2H, J = 14.2 Hz), 4.64 (t, 4H, J = 7.8 Hz), 3.35-3.01 (m, 4H), 2.23 (t, 
4H, J = 6.9 Hz), 2.02 (quin, 4H, J = 7.3 Hz), 1.46 (sex, 4H, J = 7.3 Hz), 1.01 (t, 6H, J = 7.3 Hz); 13C-
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NMR (CD3OD, 100MHz): δ  = 140.77, 129.00, 54.96, 54.84, 34.83, 32.27, 27.57, 20.48, 17.63, 13.69; 
HRMS (ESI) calcd for C19H32IN6 (M-I-)+; 471.1728, found 471.1724. 
75d (R3 = nHex): (14.9 mg, 0.022 mmol, quant), 1H-NMR (CD3OD, 400 MHz): δ = 8.62 (s, 2H), 4.84 
(d, 2H, J = 14.2 Hz), 4.67 (d, 2H, J = 14.2 Hz), 4.63 (t, 4H, J = 7.3 Hz), 3.36-3.01 (m, 4H), 2.24 (t, 
4H, J = 7.3 Hz), 2.04 (quin, 4H, J = 7.3 Hz), 1.50-1.29 (m, 12H), 0.93 (t, 6H, J = 7.3 Hz); 13C-NMR 
(CD3OD, 100MHz): δ  = 140.74, 129.02, 55.25, 54.85, 34.83, 32.25, 30.31, 27.60, 26.97, 23.46, 17.67, 
14.31; HRMS (ESI) calcd for C23H40IN6 (M-I-)+; 527.2354, found 527.2356. 





77d: To a solution of 75d (5.5 mg, 8.4 µmol, 1.0 eq) in MeOH (3 mL) was added LiN(CF3SO2)2 (12.1 
mg, 42 µmol, 5.0 eq). After stirring for 24 h at 50°C, the crude mixture was added CH2Cl2 and washed 
with H2O. Removal of solvent in vacuo afforded 77d (7.0 mg, 7.3 µmol, 87%) as a yellow oil. 1H-
NMR (CD3OD, 400 MHz): δ = 8.57 (s, 2H), 4.75 (d, 2H, J = 13.7 Hz), 4.62 (d, 2H, J = 13.7 Hz), 4.61 
(t, 4H, J = 7.3 Hz), 3.29-3.10 (m, 4H), 2.19 (t, 4H, J = 7.3 Hz), 2.02 (quin, 4H, J = 7.3 Hz), 1.47-1.32 
(m, 12H), 0.92 (t, 6H, J = 7.3 Hz); 13C-NMR (CD3OD, 100 MHz): δ  = 140.05, 128.86, 121.16 (q, J = 
321.1 Hz), 55.17, 54.58, 34.75, 32.22, 30.26, 27.41, 26.89, 23.43, 17.33, 14.27; 19F-NMR (CD3OD): 
δ -80.58; HRMS (ESI) calcd for C25H40F6N7O4S2 (M-(Tf2N)-)+; 680.2482, found 680.2482. 
(-)-77d was synthesized in same method to 77d in 72% yield. [α]D22 = -11.30 (c 0.97, CH2Cl2) 
 
 
S1a (R = Me), S1b (R = Et), S1c (R = nBu) 
 
S1a (R = Me): 58a (1.0 g, 5.9 mmol, 1.0 eq) was added to a mixture of NaH (60% in mineral oil, 356 
mg, 8.9 mmol, 1.5 eq) in dry THF (30 mL) at 0°C. Then the reaction mixture was stirred for 20 minutes 
at rt. After the addition of MeI (1.7 g, 11.8 mmol, 2.0 eq) at 0°C, the mixture was stirred for overnight 
at rt, quenched by saturated aqueous ammonium chloride, extracted with EtOAc, and dried over 
MgSO4. After the removal of solvent, the residue was purified by column chromatography (SiO2, 
hexane/EtOAc = 9/1) to afford 58a (737 mg, 4.0 mmol, 68% yield) as a clear oil, which was identical 
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in all respects with reported in the literature. (Jones and Harvey et al. Angew. Chem. Int. Ed. 2011, 50, 
9602.) 
S1b (R = Et) and S1c (R = nBu) were synthesized in same method to S1a except for use of alkyl iodide 
and the amount of NaH (2.0 eq.). These spectral data were identical in all respects with 
reported in the literature. (Renaud et al. Org. Lett. 2004, 6, 2563) 
S1b (R = Et): 73% yield as a yellow oil. 
S1c (R = nBu): 42% yield as a yellow oil. 
 
 
S2a (R = Me), S2b (R = Et), S2c (R = nBu) 
 
S2a (R = Me): To a mixture of lithium aluminium hydride (304 mg, 8.0 mmol, 2.0 eq) in THF (30 
mL) was added S1a (730 mg, 4.0 mmol, 1.0 eq) in THF (10 ml) at 0°C. After being stirred at rt for 2 
h, the reaction was quenched by saturated aqueous solution of Rochelle salt. After being stirred for 30 
minutes at rt, extracted with EtOAc, dried over Na2SO4. The organic layer was concentrated in vacuo 
to afford S2a (544 mg, 4.2 mmol, quantitative yield) as a white solid, which was identical in all 
respects with reported in the literature. (Gade et al. J. Chem. Soc., Dalton Trans. 2002, 3952) 
S2b (R = Et), S2c (R = nBu) were synthesized in same method to S2a except for longer the reaction 
time to overnight. 
S2b (R = Et): (547 mg, 3.8 mmol, 92%); 1H-NMR (CDCl3, 400 MHz): δ = 3.66 (d, 2H, J = 10.9 Hz), 
3.61 (d, 2H, J = 10.9 Hz), 2.64 (br, 2H), 2.26 (d, 2H, J = 2.7 Hz), 1.99 (t, 1H, J = 2.7 Hz), 1.40 (q, 2H, 
J = 7.3 Hz), 0.86 (t, 3H, J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 81.09, 70.47, 67.54, 41.54, 
23.87, 20.80, 7.39 
S2c (R = nBu): (414 mg, 2.4 mmol, quant); 1H-NMR (CDCl3, 400 MHz): δ = 3.65 (d, 2H, J = 10.9 
Hz), 3.61 (d, 2H, J = 10.9 Hz), 2.67 (br, 2H), 2.27 (d, 2H, J = 2.7 Hz), 1.99 (t, 1H, J = 2.7 Hz), 1.36-
1.16 (m, 6H), 0.90 (t, 3H, J = 7.8 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 81.13, 70.49, 67.89, 41.44, 
31.26, 25.06, 23.44, 21.27, 13.98 
 
 




S3a (R = Me): To a solution of S2a (30.0 mg, 0.23 mmol, 1.0 eq) in CH2Cl2 (10 mL) with pyridine (3 
mL) was added catalytic amount of DMAP. Subsequently Tf2O (194.7 mg, 0.69 mmol, 3.0 eq) was 
added at 0°C. After stirring for 6 h at rt, the reaction was quenched with 1 N HCl aq., extracted with 
CH2Cl2, washed with 1 N HCl aq., and dried over MgSO4. Removal of solvent in vacuo, and the 
residue was purified by short column chromatography (SiO2, hexane/EtOAc = 1/1) afforded S3a (88.5 
mg, 0.22 mmol, 98%) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 4.46 (d, 2H, J = 10.1 Hz), 
4.41 (d, 2H, J = 10.1 Hz), 2.37 (d, 2H, J = 2.7 Hz), 2.18 (t, 1H, J = 2.7 Hz), 1.22 (s, 3H); 13C-NMR 
(CDCl3, 100 MHz): δ = 118.57 (q, J = 320.13 Hz), 76.53, 73.29, 72.40, 38.83, 23.78, 17.86; HRMS 
(ESI) calcd for C9H10F6O6S2Na (M+Na)+; 414.9715, found 414.9714. 
S3b (R = Et), S3c (R = nBu) were synthesized in the same method of S3a except for purification. 
S3b (R = Et): Purified by column chromatography (SiO2, hexane/EtOAc = 9/1) to afford S3b (1.18 g, 
2.9 mmol, 76% yield) as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 4.46 (d, 2H, J = 10.1 Hz), 
4.43 (d, 2H, J = 10.1 Hz), 2.34 (d, 2H, J = 2.7 Hz), 2.15 (t, 1H, J = 2.7 Hz), 1.62 (q, 2H, J = 7.3 Hz), 
0.79 (t, 3H, J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz):δ = 118.58 (q, J = 319.17 Hz), 76.28, 75.36, 
73.08, 41.45, 22.75, 20.45, 6.67 
S3c (R = nBu) Purified by column chromatography (SiO2, hexane/EtOAc = 3/1) to afford S3c (879 
mg, 2.0 mmol, 84% yield) as a yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 4.46 (d, 2H, J = 10.1 Hz), 
4.43 (d, 2H, J = 10.1 Hz), 2.34 (d, 2H, J = 2.7 Hz), 2.15 (t, 1H, J = 2.7 Hz), 1.57-1.50 (m, 2H), 1.43-
1.21 (m, 4H), 0.94 (t, 3H, J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 118.56 (q, J = 319.17 Hz), 
76.36, 75.63, 73.10, 41.27, 29.59, 24.30, 22.85, 20.95, 13.66 
 
 
S4a (R = Me), S4b (R = Et), S4c (R = nBu) 
 
S4a (R = Me): To a solution of S3a (902 mg, 2.3 mmol, 1.0 eq) in DMF (20 mL) was added NaN3 
(748 mg, 11.5 mmol, 5.0 eq). After stirring for 0.5 h at 70°C, the reaction was heated at 140°C for 
overnight. Solvent was evaporated and the residue was purified by short column chromatography 
(SiO2, CH2Cl2/MeOH = 4/1) to afford S4a (217 mg, 1.2 mmol, 53% yield) as a yellow oil. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.42 (s, 1H), 4.29 (d, 1H, J = 11.9 Hz), 4.04 (d, 1H, J = 11.9 Hz), 3.47(s, 2H), 
2.91 (d, 1H, J = 16.0 Hz), 2.68 (d, 1H, J = 16.0 Hz), 1.37 (s, 3H); 13C-NMR (CDCl3, 100 MHz): δ = 
139.81, 127.59, 58.90, 55.24, 49.90, 32.15, 24.30; HRMS (ESI) calcd for C7H11N3ONa (M+Na)+; 
201.0859, found 201.0863. 
S4b (R = Et): To a solution of S3b (20.0 mg, 0.049 mmol, 1.0 eq) in DMF (2 mL) was added NaN3 
(16.0 mg, 0.25 mmol, 5.0 eq). After stirring for overnight at 70°C, the reaction was heated at 100°C 
94 
 
for 10 h. Solvent was evaporated and the residue was dissolved in CH2Cl2, and washed with H2O, 
dried over Na2SO4 to afford S4b (7.8 mg, 0.041 mmol, 84% yield) as a yellow oil. 1H-NMR (CDCl3, 
400 MHz): δ = 7.34 (s, 1H), 4.19 (d, 1H, J = 12.4 Hz), 4.03 (d, 1H, J = 12.4 Hz), 3.48 (d, 1H, J = 12.4 
Hz), 3.44 (d, 1H, J = 12.4 Hz), 2.78 (d, 1H. J = 16.5 Hz), 2.69 (d, 1H, J = 16.5 Hz), 1.69 (q, 2H, J = 
7.8 Hz), 0.88 (t, 3H, J = 7.8 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 139.92, 127.14, 56.61, 53.41, 
53.20, 29.80, 29.34, 8.21 
S4c (R = nBu) was synthesized in the same method of S4b. 1H-NMR (CDCl3, 400 MHz): δ = 7.37 (s, 
1H), 4.22 (d, 1H, J = 12.4 Hz), 4.06 (d, 1H, J = 12.4 Hz), 3.49 (d, 1H, J = 12.4 Hz), 3.46 (d, 1H. J = 
12.4 Hz), 2.81 (d, 1H, J = 16.0 Hz), 2.72 (d, 1H, J = 16.0 Hz), 1.68-1.62 (m, 2H), 1.38-1.16 (m, 4H), 
0.89 (t, 3H, J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 139.94, 127.28, 57.04, 53.86, 53.02, 36.60, 
30.38, 26.10, 22.93, 13.79 
 
 
S5a (R = Me), S5b (R = Et), S5c (R = nBu) 
 
S5a (R = Me): To a solution of S4a (100 mg, 0.56 mmol, 1.0 eq) and PPh3 (221 mg, 0.84 mmol, 1.5 
eq) in 1,4-dioxane (10 mL) was added H2O (2 ml). After stirring for overnight at 50°C, solvent was 
evaporated and the residue (156.3 mg) was used for next step without further purification. 
S5b (R = Et) and S5c (R = nBu) were synthesized in the same method of S5a except for purification. 
S5b (R = Et): Purified by column chromatography (SiO2, CH2Cl2/acetone = 1/1) to afford S5b (43.2 
mg, 0.26 mmol, 72%); 1H-NMR (CDCl3, 400 MHz): δ = 7.39 (s, 1H), 4.29 (d, 1H, J = 11.9 Hz), 4.05 
(d, 1H, J = 11.9 Hz), 2.83 (d, 1H, J = 12.8 Hz), 2.80 (d, 1H, J = 16.0 Hz), 2.77 (d, 1H. J = 12.8 Hz), 
2.67 (d, 1H, J = 16.0 Hz), 1.69 (q, 2H, J = 7.8 Hz), 0.92 (t, 3H, J = 7.8 Hz) 
S5c (R = nBu): Purified by column chromatography (SiO2, CH2Cl2/acetone = 1/1) to afford S5c  
(35.7 mg, 0.18 mmol, 57%).; 1H-NMR (CDCl3, 400 MHz): δ = 7.39 (s, 1H), 4.29 (d, 1H, J = 11.9 Hz), 
4.06 (d, 1H, J = 11.9 Hz), 2.81 (d, 1H, J = 12.8 Hz), 2.80 (d, 1H, J = 16.0 Hz), 2.77 (d, 1H. J = 12.8 




S6a (R = Me), S6b (R = Et), S6c (R = nBu) 
 
S6a: To a solution of crude S5a (156.3 mg) in THF (20 mL) and pyridine (2 ml) was added BzCl 
(102.3 mg, 0.73 mmol, 1.3 eq). After stirring for 2 h at rt, solvent was evaporated and the residue was 
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purified by column chromatography (SiO2, CH2Cl2/acetone = 85/15) to afford S6a (47.6 mg, 0.19 
mmol, 34% yield for two steps) as a clear oil. 1H-NMR (CDCl3, 400 MHz): δ = 7.69-7.64 (m, 2H), 
7.53-7.48 (m, 1H), 7.49-7.39 (m, 3H), 6.56 (t, 1H, J = 6.9 Hz), 4.37 (d, 1H, J = 11.9 Hz), 4.06 (d, 1H, 
J = 11.9 Hz), 3.69 (dd, 1H, J = 6.9, 14.2 Hz), 3.64 (dd, 1H, J = 6.9, 14.2 Hz), 3.03 (d, 1H, J = 16.0 
Hz), 2.73 (d, 1H, J = 16.0 Hz), 1.40 (s, 3H); 13C-NMR (CDCl3, 100 MHz): δ = 168.46, 140.60, 134.04, 
131.72, 128.56, 127.36, 126.99, 55.73, 50.88, 47.48, 32.50, 24.51 ; HRMS (ESI) calcd for 
C14H16N4ONa (M+Na)+; 279.1216, found 279.1214. 
S6b (R = Et) and S6c (R = nBu) were synthesized in same method to S6a except for longer the reaction 
time to overnight. 
S6b (R = Et): (45.7 mg, 0.17 mmol, 65%); 1H-NMR (CDCl3, 400 MHz): δ = 7.65 (d, 2H, J = 6.9 Hz), 
7.44 (t, 1H, J = 6.9 Hz), 7.34 (t, 3H, J = 6.9 Hz), 7.15 (s, 1H), 4.43 (d, 1H, J = 11.9 Hz), 4.08 (d, 1H, 
J = 11.9 Hz), 3.64 (s, 2H), 3.01 (d, 1H, J = 16.0 Hz), 2.75 (d, 1H, J = 16.0 Hz), 1.73 (q, 2H, J = 7.3 
Hz), 0.97 (t, 3H, J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz): δ = 168.73, 141.30, 134.11, 131.79, 128.63, 
127.17, 126.85, 54.34, 54.27, 45.89, 30.32, 30.27, 8.75  
S6c (R = nBu): (34.7 mg, 0.12 mmol, 67%); 1H-NMR (CDCl3, 400 MHz): δ = 7.61-7.59 (m, 2H), 
7.51-7.45 (m, 1H), 7.41-7.36 (m, 2H), 7.34 (s, 1H), 6.52 (t, 1H, J = 6.4 Hz), 4.35 (d, 1H, J = 11.9 Hz), 
4.13 (d, 1H, J = 11.9 Hz), 3.70 (dd, 1H, J = 6.4, 14.6 Hz), 3.64 (dd, 1H, J = 6.4, 14.6 Hz), 2.97 (d, 1H, 
J = 16.0 Hz), 2.77 (d, 1H, J = 16.0 Hz), 1.72-1.65 (m, 2H), 1.40-1.27 (m, 4H), 0.92 (t, 3H, J = 7.3 Hz); 
13C-NMR (CDCl3, 100 MHz): δ = 168.42, 140.63, 134.01, 131.78, 128.64, 127.15, 126.85, 54.29, 
53.79, 46.30, 37.49, 30.63, 26.35, 13.91 
 
 
S7a (R = Me), S7b (R = Et), S7c (R = nBu) 
 
S7a (R = Me): A solution of (+)-S6a (5.0 mg, 0.020 mmol, 1.0 eq) and nBuI (11.0 mg, 0.06 mmol, 3.0 
eq) in MeCN (3 mL) was heated in a microwave oven at 140°C for 4 h. After the removal of solvent 
in vacuo, the residue was recrystallized by EtOAc/hexane to afford (-)-S7a (10.8 mg, 0.020 mmol, 
quant) as a yellow solid; [α]D15 = -22.30 (c 0.61, CHCl3); 1H-NMR (CDCl3, 400 MHz): δ = 8.48 (s, 
1H), 7.97-7.92 (m, 2H), 7.81 (t, 1H, J = 7.3 Hz), 7.48 (t, 1H, J = 7.3 Hz), 7.40 (t, 2H, J = 7.3 Hz), 5.20 
(d, 1H, J = 12.8 Hz), 4.45 (t, 2H, J = 7.3 Hz), 4.33 (d, 1H, J = 12.8 Hz), 4.02 (d, 1H, J = 17.4 Hz), 
3.96 (dd, 1H, J = 7.3, 14.2 Hz), 3.58 (dd, 1H, J = 7.3, 14.2 Hz), 3.11 (d, 1H, J = 17.4 Hz), 1.80 (d-
quin, 2H, J = 3.7, 7.3 Hz), 1.53 (s, 3H), 1.29 (sex, 2H, J = 7.3 Hz), 0.88 (t, 3H, J = 7.3 Hz); 13C-NMR 
(CDCl3, 100 MHz): δ = 68.88, 146.80, 132.55, 132.05, 128.58, 127.78, 125.73, 60.10, 54.64, 50.96, 




S7b (R = Et): A solution of (-)-S6b (19.0 mg, 0.070 mmol, 1.0 eq) and nBuI (65.0 mg, 0.35 mmol, 5.0 
eq) in MeCN (5 mL) was heated in a microwave oven at 140°C for 4 h. After the removal of solvent 
in vacuo, the residue was recrystallized by CH2Cl2/hexane to afford (+)-S7b (31.1 mg, 0.068 mmol, 
98% yield) as a yellow oil; [α]D18 = +75.50 (c 0.31, CHCl3); 1H-NMR (CDCl3, 400 MHz): δ = 8.41 (s, 
1H), 7.98-7.93 (m, 2H), 7.69 (t, 1H, J = 7.3 Hz), 7.48 (t, 1H, J = 7.3 Hz), 7.42 (t, 2H, J = 7.3 Hz), 5.26 
(d, 1H, J = 12.8 Hz), 4.35 (t, 2H, J = 7.3 Hz), 4.32 (d, 1H, J = 12.8 Hz), 4.15 (d, 1H, J = 17.4 Hz), 
4.10 (dd, 1H, J = 7.3, 14.2 Hz), 3.55 (dd, 1H, J = 7.3, 14.2 Hz), 3.09 (d, 1H, J = 17.4 Hz), 1.91 (q, 2H, 
J = 7.3 Hz), 1.79-1.68 (m, 2H), 1.25 (q, 2H, J = 7.3 Hz), 1.19 (t, 3H, J = 7.3 Hz), 0.87 (t, 3H, J = 7.3 
Hz); 13C-NMR (CDCl3, 100 MHz): δ = 168.89, 146.90, 132.74, 132.09, 128.64, 127.88, 125.51, 58.61, 
54.72, 54.66, 46.08, 33.45, 31.42, 30.24, 19.49, 13.46, 9.38  
S7c (R = nBu): A solution of (+)-S6c (9.8 mg, 0.032 mmol, 1.0 eq) and nBuI (30.0 mg, 0.16 mmol, 
5.0 eq) in MeCN (5 mL) was heated in a microwave oven at 140°C for 3 h. After the removal of 
solvent in vacuo, the residue was recrystallized by CH2Cl2/hexane to afford (+)-S7c (14.5 mg, 0.030 
mmol, 94% yield) as a yellow oil; [α]D15 = +161.84 (c 0.14, CHCl3); 1H-NMR (CDCl3, 400 MHz): δ 
= 8.40 (s, 1H), 7.90-7.84 (m, 2H), 7.81 (t, 1H, J = 6.0 Hz), 7.48 (t, 1H, J = 7.3 Hz), 7.41 (t, 2H, J = 
7.3 Hz), 5.20 (d, 1H, J = 12.8 Hz), 4.42 (t, 2H, J = 7.3 Hz), 4.39 (d, 1H, J = 12.8 Hz), 4.05 (dd, 1H, J 
= 7.3, 14.2 Hz), 3.94 (d, 1H, J = 17.4 Hz), 3.55 (dd, 1H, J = 7.3, 14.2 Hz), 3.19 (d, 1H, J = 17.4 Hz), 
1.90-1.67 (m, 4H), 1.49-1.34 (m, 4H), 1.25 (sex, 2H, J = 7.3 Hz), 0.95 (t, 3H, J = 7.3 Hz), 0.86 (t, 3H, 
J = 7.3 Hz); 13C-NMR (CDCl3, 100 MHz):δ = 168.91, 147.01, 132.63, 132.20, 128.77, 127.77, 125.88, 
59.00, 54.85, 54.42, 46.83, 37.42, 34.16, 31.41, 26.98, 23.25, 19.53, 14.06, 13.46 
 
General procedure for NHC-catalyzed Benzoin condensation reaction 
 NHC precursor (8 µmol, 5 mol %) and base (8 or16 µmol, 5 or 10 mol %) were added dry THF (0.6 
ml) and stirred for 5 minutes at rt. Benzaldehyde (17.0 mg, 0.16 mmol, 1.0 eq) was added to the 
mixture and stirred for 1 or 1.5 h at reflux condition. The reaction was quenched by saturated NH4Cl 
aq. and filtered by short column chromatography (SiO2, EtOAc only) to afford crude product. Product 
yield was determined by NMR analysis (benzyl phenyl ether was used as an internal standerd). 
Analytically pure compound was obtained by silica gel PTLC (hexane/EtOAc = 4/1). Enantiomeric 
excess was determined by HPLC analysis using chiral stationary phase column (DAICEL 
CHIRALPAK AD-H, hexane/iPrOH = 9/1, flow rate = 0.8 ml/min, λ = 243 nm; 26.9 min and 38.2 
min). 
 
General procedure for NHC-catalyzed homocoupling reaction of Cinnamaldehyde. 
 NHC precursor (14 µmol, 30 mol %), base (12 or 24 µmol, 26 or 52 mol %) and MS 4A (same weight 
to NHC precursor) were added dry THF (0.3 ml) and stirred for 5 minutes at rt. trans-Cinnamaldehyde 
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(6.2 mg, 47 µmol, 1.0 eq) was added to the mixture and stirred for appropriate time at rt. The reaction 
was quenched by H2O, extracted with EtOAc, dried over Na2SO4 to afford crude product. Crude 
product was purified by silica gel PTLC (hexane/EtOAc = 4/1). Enantiomeric excess was determined 
by HPLC analysis using chiral stationary phase column (DAICEL CHIRALPAK AD-H, 
hexane/iPrOH = 95/5, flow rate = 1.0 ml/min, λ = 251 nm; 15.5 min and 18.0 min). 
 
 
104; To a solution of 103 (6.3 g, 21.4 mmol, 1.0 eq.), Pd(OAc)2 (471 mg, 2.1 mmol, 10 mol%), dppp 
(866 mg, 2.1 mmol, 10 mol%) and CuI (419 mg, 2.1 mmol, 10 mol%) in THF (50 mL) and Et3N (50 
ml) was added trimethylsilylacetylene (6.3 g, 64.2 mmol, 3.0 eq.). After stirring for 6 h at refluxing 
condition, the reaction mixture was passed through short column (SiO2, CH2Cl2 only) to afford crude 
product. Removal of solvent in vacuo, and the residue was purified by column chromatography (SiO2, 
hexane/CH2Cl2 = 4/1) afforded 104 (6.0 g, 19.2 mmol, 91%) as a yellow oil.1H-NMR (CDCl3, 400 
MHz): δ = 7.87 (d, 1H, J = 2.7 Hz), 7.81-7.72 (m, 3H), 7.25 (dd, 1H, J = 8.3, 2.7 Hz), 3.98 (s, 3H), 
3.97 (s, 3H), 0.36 (s, 9H); 13C-NMR (CDCl3, 100 MHz): δ = 167.52, 159.05, 135.33, 131.39, 129.92, 
129.61, 128.14, 123.48, 121.04, 120.20, 106.39, 105.62, 101.24, 55.20, 52.10, 0.08; HRMS (ESI) 
calcd for C18H20NaO3Si+ (M+Na)+; 335.1074, found: 335.1076 
 
 
105; To a solution of LiAlH4 (474 mg, 12.5 mmol, 1.5 eq.) in THF (100 mL) was added 104 (2.6 g, 
8.3 mmol, 1.0 eq.) in THF (50 ml) at 0°C. After stirring for 1 h at 0°C, the reaction was quenched by 
saturated aqueous solution of Rochelle salt. After being stirred for 30 minutes at rt, extracted with 
EtOAc, dried over Na2SO4. The organic layer was concentrated in vacuo. The residue was purified by 
short column chromatography (SiO2, EtOAc only) to afford 105 (1.8 g, 8.5 mmol, quantitative yield) 
as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.73-7.64 (m, 2H), 7.63 (d, 1H, J = 2.7 Hz), 7.40 
(d, 1H, J = 8.3 Hz), 7.14 (dd, 1H, J = 8.3, 2.7 Hz), 5.01 (d, 2H, J = 6.0 Hz), 3.95 (s, 3H), 2.60 (t, 1H, 
J = 6.0 Hz), 0.37 (s, 9H); 13C-NMR (CDCl3, 100 MHz): δ = 158.65, 142.27, 134.92, 129.61, 128.69, 
127.81, 122.59, 118.92, 116.64, 105.08, 104.26, 100.91, 64.29, 55.04, -0.06; HRMS (ESI) calcd for 
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C17H20NaO2Si+ (M+Na)+; 307.1125, found: 307.1125 
   
 
 
106; To a solution of 105 (1.8 g, 8.5 mmol, 1.0 eq.) in toluene (300 mL) was added DPPA (2.8 g, 10.0 
mmol, 1.2 eq.) and followed by DBU (1.5 g, 10.0 mmol, 1.2 eq.). After stirring for 0.5 h at 50°C, the 
reaction temperature was increased to 70°C and stirred for 12 h. After that the reaction was diluted by 
EtOAc and washed by 1N HCl aq., and followed by NaHCO3 aq. to obtain crude product. The crude 
mixture was purified by column chromatography (SiO2, CH2Cl2/acetone = 95/5) to afford 106 (1.5 g, 
6.2 mmol, 75% yield) as a pale purple solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.92 (s, 1H), 7.80 (d, 
1H, J = 8.3 Hz), 7.78 (d, 1H, J = 8.3 Hz), 7.39 (d, 1H, J = 8.3 Hz), 7.22 (dd, 1H, J = 8.3, 2.7 Hz), 7.12 
(d, 1H, J = 2.7 Hz), 5.33 (s, 2H), 3.97 (s, 3H); 13C-NMR (CDCl3, 100 MHz): δ = 158.88, 142.66, 
139.67, 130.29, 128.86, 128.58, 127.78, 124.29, 123.36, 119.42, 118.62, 102.27, 55.36, 51.65; HRMS 
(ESI) calcd for C14H11N3NaO+ (M+Na)+; 260.0794, found: 260.0796 
 
 
102; A solution of 106 (106.8 mg, 0.45 mmol, 1.0 eq.) in 48% HBr aq. (5 ml) and AcOH (10 mL) was 
refluxed for 4 h. After the removel of solvents, the residue was washed by NaHCO3 aq. and EtOAc to 
give the titled compound (103.6 mg, 0.46 mmol, quantitative yield) as black solid. 1H NMR (DMSO-
d6, 400 MHz): d = 8.15 (s, 1H), 7.93 (d, 1H, J = 7.2 Hz), 7.91 (d, 1H, J = 7.2 Hz), 7.53 (d, 1H, J = 7.2 
Hz), 7.40 (d, 1H, J = 2.4 Hz), 7.21 (dd, 1H, J = 7.2, 2.4 Hz), 5.63 (s, 2H); 13C NMR (DMSO-d6, 100 
MHz): δ = 156.8, 142.1, 140.8, 130.4, 128.6, 127.6, 127.2, 123.6, 121.8, 119.2, 118.5, 105.3, 51.7; 
HRMS (ESI) calcd for C13H9N3NaO+ (M+Na)+; 246.0638, found: 246.0639 
 
 
110; A solution of 109 (5.70 g, 23.9 mmol, 1.0 eq.), CuBr (85.7 mg, 0.60 mmol, 2.5 mol %), 7-
methoxynaphthalen-2-ol (5.0 g, 28.7 mmol, 1.2 eq.), Cs2CO3 (8.50 g, 26.3 mmol, 1.1 eq.) in NMP (56 
mL) was heated at 160°C for 24 h. After cool to rt, the residue was purified by short column 
chromatography (SiO2, EtOAc only) to afford crude 110, which was purified by column 
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chromatography (SiO2, CH2Cl2/hexane = 3/7) to afford 110 (5.80 g, 17.6 mmol, 74% yield) as a white 
solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.78 (d, 2H, J = 8.3 Hz), 7.73 (d, 2H, J = 8.3 Hz), 7.28 (d, 2H, 
J = 2.7 Hz), 7.17 (dd, 2H, J = 8.3, 2.7 Hz), 7.08 (dd, 2H, J = 8.3, 2.7 Hz), 7.01 (d, 2H, J = 2.7 Hz), 
3.88 (s, 6H); 13C-NMR (CDCl3, 100 MHz): δ = 158.22, 155.72, 135.69, 129.60, 125.63, 177.61, 
177.54, 113.62, 105.22, 55.26 
 
 
111; A solution of 110 (4.50 g, 13.6 mmol, 1.0 eq.) in DCM (200 mL) was added BBr3 (1.0 M in DCM, 
40.9 ml, 3.0 eq.) at 0°C, which was stirred for 4 h at room temperature. This reaction was quenched 
by the addition of MeOH, and solvent was evaporated. The residue was treated with 1N NaOH aq., 
and washed by DCM. The water layer was acidified by 1N HCl aq., which was extracted by EtOAc 
and dried over Na2SO4. The organic layer was concentrated in vacuo to afford 111 (3.9 g, 12.9 mmol, 
95% yield) as a white solid. 1H-NMR (Acetone-d6, 400 MHz): δ = 8.72 (s, 2H), 7.83 (d, 2H, J = 8.3 
Hz), 7.78 (d, 2H, J = 8.3 Hz), 7.23 (d, 2H, J = 2.7 Hz), 7.12 (d, 2H, J = 2.7 Hz), 7.13-7.05 (m, 4H); 
13C-NMR (Acetone-d6, 100 MHz): δ = 156.99, 156.52, 137.17, 130.67, 130.30, 126.20, 118.09, 
117.66, 113.64, 109.36 
 
 
112; A solution of 111 (3.80 g, 12.5 mmol, 1.0 eq.) in DCM (200 mL) was added iPr2NH (126 mg, 
1.25 mmol, 10 mol %), and followed by NBS (4.9 g, 27.7 mmol, 2.2 eq.) in DCM (200 ml). The 
mixture was stirred for 20 min. at room temperature, and washed with 1N HCl aq. to afford crude 
product. The residue was purified by column chromatography (SiO2, EtOAc/hexane = 3/7) to afford 
112 (5.30 g, 11.5 mmol, 92% yield) as a white solid. 1H-NMR (Acetone-d6, 400 MHz): δ = 9.16 (s, 
2H), 7.94 (d, 2H, J = 8.3 Hz), 7.84 (d, 2H, J = 8.3 Hz), 7.73 (d, 2H, J = 2.7 Hz), 7.26 (d, 2H, J = 8.3 
Hz), 7.22 (dd, 2H, J = 8.3, 2.7 Hz); 13C-NMR (Acetone-d6, 100 MHz): δ = 157.57, 153.93, 135.47, 
131.71, 129.91, 127.08, 118.21, 117.90, 113.39, 104.95 
 
 
113; A solution of 112 (5.30 g, 11.5 mmol, 1.0 eq.) in DCM (150 mL) and pyridine (30 ml) was added 
Tf2O (9.70 g, 34.5 mmol, 3.0 eq.). The mixture was stirred for overnight at room temperature, and 
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washed with 1N HCl aq. to afford 112 (7.30 g, 10.1 mmol, 88% yield) as a white solid. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.98-7.93 (m, 4H), 7.91 (d, 2H, J = 8.3 Hz), 7.43 (dd, 2H, J = 8.3, 2.7 Hz), 
7.42 (d, 2H, J = 8.3 Hz) 
 
 
114; A solution of 113 (4.1 g, 5.7 mmol, 1.0 eq.), Pd(OAc)2 (152.7 mg, 0.68 mmol, 12 mol%), dppp 
(280.5 mg, 0.68 mmol, 12 mol%) in DMSO (150 mL) was added Et3N (3.0 g, 22.6 mmol, 4.0 eq.) and 
MeOH (3.6 g, 113.2 mmol, 20 eq.) under CO atmosphere. The mixture was stirred for 6 h at 50°C, 
and EtOAc was added. The mixture was washed with H2O for three times, and solvent was evaporated.  
The residue was purified by column chromatography (SiO2, DCM/hexane = 3/7 to DCM only) to 
afford 114 (2.96 g, 5.4 mmol, 96% yield) as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 8.08 (d, 
2H, J = 2.7 Hz), 7.89 (d, 2H, J = 8.3 Hz), 7.84 (d, 2H, J = 8.3 Hz), 7.63 (d, 2H, J = 8.3 Hz), 7.41 (dd, 
2H, J = 8.3, 2.7 Hz), 4.00 (s, 6H); 13C-NMR (CDCl3, 100 MHz): δ = 167.77, 156.32, 133.64, 132.06, 
131.95, 131.60, 127.62, 124.86, 121.89, 121.39, 115.66, 52.73 
 
 
116; A solution of 114 (760.0 mg, 1.40 mmol, 1.0 eq.), Pd(OAc)2 (31.4 mg, 0.14 mmol, 10 mol %), 
dppp (57.7 mg, 0.14 mmol, 10 mol %), CuI (26.7 mg, 0.14 mmol, 10 mol %) in THF (5 mL) was 
sirred for 10 min. at room temperature. Et3N (5 ml) and Trimethylsilylacetylene (825.0 mg, 8.4 mmol, 
6.0 eq.) was added to the reaction mixture, and it was refluxed for 30 h. After cool to rt, the residue 
was purified by short column chromatography (SiO2, EtOAc only) to afford crude 115, which was 
purified by column chromatography (SiO2, ether/hexane = 2/3) to afford crude 115 (598.4 mg), whtch 
was used for next step without further purification.  
Crude 115 in THF (30 ml) was added LiAlH4 (96.7 mg, 2.50 mmol, 2.5 eq.) at 0°C, which was stirred 
for 1 h at room temperature. The reaction was quenched by saturated aqueous solution of Rochelle 
salt, and after being stirred for 30 minutes at room temperature, extracted with EtOAc, dried over 
Na2SO4. The organic layer was concentrated in vacuo. The residue was purified by short column 
chromatography (SiO2, EtOAc/hexane = 3/7) to afford 116 (240.0 mg, 0.46 mmol, 33% yield for 2 
steps) as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 7.90 (d, 2H, J = 2.7 Hz), 7.86 (d, 2H, J = 8.3 
Hz), 7.82 (d, 2H, J = 8.3 Hz), 7.52 (d, 2H, J = 8.3 Hz), 7.37 (dd, 2H, J = 8.3, 2.7 Hz), 5.00 (s, 4H), 
0.10 (s, 18H); 13C-NMR (CDCl3, 100 MHz): δ = 155.99, 142.62, 134.76, 130.29, 129.34, 128.75, 
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124.04, 120.44, 117.52, 113.10, 105.70, 100.05, 64.38, -0.27; HRMS (ESI) calcd for C32H34NaO3Si2+ 
(M+Na)+; 545.7802, found 545.1933. 
 
 
117; A solution of 118 (10.0 mg, 0.017 mmol, 1.0 eq.) was heated in toluene (1 ml) at 80°C for 1.5 h, 
and solvent was evaporated to afford pure 117 (10.6 mg, 0.018 mmol, quantitative yield) as white solid. 
1H-NMR (CDCl3, 400 MHz): δ = 8.17 (d, 2H, J = 2.7 Hz), 7.99 (d, 2H, J = 8.3 Hz), 7.94 (d, 2H, J = 
8.3 Hz), 7.59 (d, 2H, J = 8.3 Hz), 7.35 (dd, 2H, J = 8.3, 2.7 Hz), 5.47 (s, 4H), 0.41 (s, 18H); 13C-NMR 
(CDCl3, 100 MHz): δ = 156.03, 147.94, 140.72, 137.63, 131.30, 130.39, 129.14, 128.03, 125.89, 
120.33, 119.86, 113.32, 50.74, 0.51 
 
118; A solution of 116 (90.0 mg, 0.17 mmol, 1.0 eq.) in toluene (1 mL) was added DPPA (112.3 mg, 
0.41 mmol, 2.4 eq.) and followed by DBU (56.9 mg, 0.37 mmol, 2.2 eq.). After stirring for 1 h at 50°C, 
the reaction was diluted by EtOAc and washed by 1N HCl aq., and followed by NaHCO3 aq. to obtain 
crude product. The crude mixture was purified by column chromatography (SiO2, hexane/ether = 7/3) 
to afford 118 (12.8 mg, 0.022 mmol, 13% yield) as a pale yellow oil. 1H-NMR (CDCl3, 400 MHz): δ 
= 7.93 (d, 2H, J = 2.7 Hz), 7.88 (d, 2H, J = 8.3 Hz), 7.83 (d, 2H, J = 8.3 Hz), 7.42 (d, 2H, J = 8.3 Hz), 
7.40 (dd, 2H, J = 8.3, 2.7 Hz), 4.72 (s, 4H), 0.11 (s, 18H); 13C-NMR (CDCl3, 100 MHz): δ = 156.13, 
137.06, 134.77, 130.34, 129.54, 128.81, 124.66, 120.85, 119.45, 113.53, 106.17, 99.76, 53.57, -0.34; 




General procedure for preparation of 120. 
A solution of 106 (13.7 mg, 0.057 mmol, 1.0 eq.), Ar*I(OAc)2 (0.080 mmol, 140 mol %) in 
DCM/CF3CH2OH = 30/1 (0.02 M) was cooled to -78°C. BF3･OEt2 (43 µl, 8.0 eq.) was added to the 
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reaction mixurre and the temperature was increased to -40°C, and stirred for 1 h. The reaction was 
quenched by the addition of saturated NaHCO3 aq., extracted by DCM, evaporateion of solvent gave 
the crude product. Crude mixture was purified by column chromatography (SiO2, DCM/acetone = 3/1) 
to afford 120 as white solid.  
1H-NMR (CDCl3, 400 MHz): δ = 8.23 (d, 2H, J = 9.2 Hz), 8.08 (d, 2H, J = 9.2 Hz), 7.51 (d, 2H, J = 
9.2 Hz), 7.47 (d, 2H, J = 9.2 Hz), 5.33 (d, 2H, J = 18.3 Hz), 5.20 (d, 2H, J = 18.3 Hz), 4.51 (s, 2H), 
3.53 (s, 6H); 13C-NMR (CDCl3, 100 MHz): δ = 157.44, 143.38, 141.98, 132.30, 131.18, 129.84, 
129.45, 126.62, 123.52, 119.15, 118.49, 114.05, 56.50, 50.43; HRMS (ESI) calcd for 
C28H20N6NaO2+ (M+Na)+; 495.1540, found: 495.1535. Enantiomeric excess was determined by 
HPLC analysis using chiral stationary phase column (DAICEL CHIRALPAK IF, DCM/2-propanol = 




130; A solution of 120 (58.0 mg, 0.12 mmol, 1.0 eq.) in 48% HBr aq. (5 ml) and AcOH (5 mL) was 
refluxed for 8 h. After the removel of solvents, the residue was washed by NaHCO3 aq. and EtOAc to 
give the titled compound (53.5 mg, 0.12 mmol, quantitative yield) as black solid. 1H NMR (DMSO-
d6, 600 MHz): δ = 9.56 (brs, 2H), 8.18 (d, 2H, J = 8.8 Hz), 8.16 (d, 2H, J = 8.8 Hz), 7.60 (d, 2H, J = 
8.8 Hz), 7.33 (d, 2H, J = 8.8 Hz), 5.54 (d, 2H, J = 18.8 Hz), 5.44 (d, 2H, J = 18.8 Hz), 4.46 (s, 2H); 
13C-NMR (DMSO-d6, 100 MHz): δ = 155.68, 143.12, 142.59, 131.11, 130.54, 129.98, 128.39, 125.27, 




131; A solution of 130 (11.6 mg, 0.026 mmol, 1.0 eq.), K2CO3 (21.5 mg, 0.156 mmol, 6.0 eq.), PhNTf2 
(23.2 mg, 0.065 mmol, 2.5 eq.) in THF (3 ml) was heated in a microwave oven at 120°C for 6 min. 
The reaction was filtered and solvent was removed to afford crude product, which was purified by 
column chromatography (SiO2, DCM/acetone = 4/1 to 7/3) to afford 131 (12.3 mg, 0.017 mmol, 67% 
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yield) as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 8.41 (d, 2H, J = 9.2 Hz), 8.25 (d, 2H, J = 9.2 
Hz), 7.86 (d, 2H, J = 9.2 Hz), 7.69 (d, 2H, J = 9.2 Hz), 5.49 (d, 2H, J = 19.2 Hz), 5.36 (d, 2H, J = 19.2 
Hz), 4.68 (s, 2H); 13C-NMR (CDCl3, 100 MHz): δ = 148.09, 143.82, 141.91, 134.55, 132.85, 131.08, 
128.27, 126.33, 124.83, 123.32, 122.16, 119.95, 118.88, 116.74, 114.62, 50.66; 19F-NMR (CDCl3, 376 




133; A solution of 130 (20.0 mg, 0.045 mmol, 1.0 eq.), Et3N (23.3 mg, 0.23 mmol, 5.0 eq.) in DMF 
(5 ml) was added tBuSiCl2 (9.6 mg, 0.045 mmol, 1.0 eq.), and it was heated at 60°C for 12 h. The 
reaction was diluted by EtOAc and washed by NaHCO3 aq. to obtain crude product,which was purified 
by column chromatography (SiO2, DCM/MeOH = 9/1) to afford 133 (6.2 mg, 0.011 mmol, 24% yield) 
as a white solid. 1H-NMR (CDCl3, 400 MHz): δ = 8.17 (d, 2H, J = 8.9 Hz), 7.85 (d, 2H, J = 8.9 Hz), 
7.70 (d, 2H, J = 8.9 Hz), 7.28 (d, 2H, J = 8.9 Hz), 5.05 (d, 2H, J = 18.6 Hz), 4.975 (s, 2H), 4.94 (d, 
2H, J = 18.6 Hz), 1.07 (s, 18H); 13C-NMR (CDCl3, 100 MHz): δ = 155.19, 142.99, 141.70, 132.65, 
131.73, 130.80, 129.81, 124.94, 123.49, 122.54, 119.99, 119.92, 50.08, 27.74, 21.51; HRMS (ESI) 
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